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Build: one aS a seasonal decoration ... or build a whole forest! 
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to 23 November, 2019 


Our very own specialists are developing fun and 
challenging Arduino® - compatible projects for you 
to build every month, with special prices exclusive 
to Club Members. 


Keep an eye out while you're on holidays or at the office. 


Use this pan-tilt camera project to monitor your home or office 
using a Raspberry Pi and our new IR camera. You will be able 
to pan and tilt around the room using the built-in web interface 
and can easily configure to send e-mail notifications when it 
detects motion. 










Raspberry Pi and SD card sold seperately. 







SKILL LEVEL: Beginner 


SEE STEP-BY-STEP INSTRUCTIONS AT: 
www.jaycar.com.au/pan-tilt-camera 







CLUB OFFER 
BUNDLE DEAL 


WHAT YOU NEED: . $5995 


1 x SMP Night Vision Camera for Raspberry Pi XC9021 $49.95 


1 x GPIO Expansion Shield for Raspberry Pi XC9050 $14.95 SAVE 3 0% 
2 x 9G Micro Servo Motor YM2758 $9.95 EA. 
1 x Pan and Tilt Camera Bracket Mount for 9G Servos XC4618 $4.95 KIT VALUED AT: $89.75 


See other projects at www.jaycar.com.au/arduino 
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THE MAIN ONLY ~~ ONLY ONLY 
BRAIN $9995 $4 075 $595 


Use a Raspberry Pi 3B+ single KEEP IT POWERED LIGHT IT UP DETECT THEM FIRST 
board computer to build this project. Attach a Raspberry Pi power pack to This tiny LED module can be Use a PIR Sensor to pick up 
Quad-core processor. Dual band the project to keep the system running triggered to flood the scene with movement (even in the dark) and 
Bluetooth® technology. XC9001 during power failure. XC9060 bright white light. XC4468 alerts the Raspberry Pi. XC4444 


exclusive club offer 


20% OFF Your club. your perks! 


CCTV CAMERA ACCESSORIES’ Keep up to date with the latest offers and what's on! 


visit www.jaycar.com.au/makerhub 





*Includes Dummy cameras, surveillance stickers & camera extension leads 


Shop the catalogue # wwwiaycar.com.au 0 I800 O22 888 
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14 A look at SatNav systems: how do they work? 





You’ve come to rely on that GPS screen in or on your dashboard. But it's just one 
Global Navigation Satellite System (GNSS) in use today. Some can even work 
with each other to give you incredibly reliable accuracy — by Dr David Maddison 





38 Three I-O Expanders to give you more control! 


If you don’t have enough microcontroller pins to do what you want to do, there can | Satellite Navigation Systems — of 

be a better way than changing to a larger micro: use an expander module. Here which GPS is just one — simply 

we present three different approaches to the problem — by Tim Blythman work! But it’s not all that simple, as 

iew: ics’ z ing i Dr David Maddison’s feature will tell 

96 We review: Altronics’ battery-powered soldering iron wmu-ta'Picl iF eather complicated 
Portable soldering irons have traditionally run on gas — but this is not always safe. — Page 14 

Here we look at a new Lithium-ion-powered model from Altronics. Our verdict? You'll tees 
have to read the review to find out! — by Nicholas Vinen 
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26 The Super-9: a stereo FM Radio Receiver to build 





Our AM Radio has proved really popular. “But what about FM?” you asked! OK, att 
for the FM listeners out there, here’s a matching FM Radio. It’s quite easy to build, mn Vou naked for it 
looks great and even offers stereo output (into headphones) — by John Clarke ~ so here it is! Our new Super-9 FM 


46 Low-cost Christmas project: twinkle, twinkle little star Tree! sposic is the perfect companion 
It’s tiny (just 50mm high) and has 12 tiny SMD LEDs which merrily blink away! You ee lee ae Se i 


choose the LED colours (single or multi) and you can even change the blinking pattern 
program if you wish. Build just one ... or build a Christmas forest! — by Tim Blythman 


é 








68 High performance linear power supply — part two fam, ust in time for the festive 


season! Build one as a 
We introduced our outstanding 45V 8A linear supply last month and explained the sre» decoration... or build 
how, when, where and why. Now we move on to the really exciting part: putting it ae ; many as a real feature 
together — by Tim Blythman os — Page 46 


90 Digital Panel Meter/USB Display suits a range of projects ‘6 AURTAGLL GRE 


We designed this to suit our new high-spec power supply but then realised just SILICON CHIP ONLINE SHOP — See p51 
how useful it would be for other projects where a digital readout was required. It’s 
easy to build, easy to adapt and it’s low cost — by Tim Blythman 
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61 Serviceman’s Log 


The alarming false alarm system — by Dave Thompson 


85 Circuit Notebook 


(1) Simple digital sinewave generator 
(2) Shunt regulator for wind turbines 
(3) Digital soldering iron stepping timer 
(4) “The farmer's friend” — discrete pump timer 
: i This Digital 
98 Vintage Radio ede Moter 
1930s “Vogue” radio “restomod” (new electronics for old) — by Fred Lever was made to "ee 






_— If you need a 
high performance linear Bench 
Supply, this one can deliver up to 
45V at a whopping 8A! — Page 68 


7 suit our new © ’ 
= ss 45V/8A Power Supply. But it could 
E UC fat) if la IM C) E Is © be used with a range of projects — 
yma: : : Page 90 
4 Editorial Viewpoint 109 SILICON CHIP PCBs fi 
6 Mailbag — Your Feedback 111 Market Centre Find us on 


95 SILICON CHIP ONLINE SHOP 112 Advertising Index a Fo cebook 
106 Ask SILICON CHIP 112 Notes and Errata www facebook. com/siliconchipmagazine 














| °6 x flange nuts 


| | ¢12 x step blocks 
| °24 x studs 








| ¢ Industrial quality 


, 


7 


| 6, 8, 10, 12, 16mm 
| ¢ HSS M35 5% Cobalt 


| 


$99 8497-80 (3351) 


| © Precision ground flutes 


| 590 899 (01272) 











CNC Machinery 


HF-10 - Clamp Kit 58 piece 


¢ M8 thread, suits 10mm slot 
°6 x T-slot nuts 


© 4 x coupling nuts 
6 x step clamps 


(4ea = 75mm, 
100mm, 125mm, see 
150mm, 175mm, 200mm slongthy 





| eix storage unit 


$90 99 (C0945) 


Metric - HSS Industrial 
Slot Drill Set 


¢ 5 piece set 


¢ Screwed shank 
© Two flute 





Metric - Precision 
HSS Drill Set 


© 25 piece set 
¢ HSS M2 bright finish 


© Range: 1~13mm 
¢ 0.5mm increments 


WF arcoct 


HSS Industrial Centre Drill Set 


¢5 piece set 
@No. 1, 2, 3, 4,5 
* HSS M2 grade 


$43 °47.30 (D508) 












HF-12 - Clamp Kit 58 piece 

© M10 thread, suits 12mm slot 

°6 x T-slot nuts 

©6 x flange nuts 

¢ 4 x coupling nuts 

°6 x step clamps 

¢12 x step blocks 

© 24 x studs 
(4ea = 75mm, 
100mm, 125mm, 
150mm, 175mm, 200mm length) 

¢ 1 x storage unit 


$90 99 (C0955) 


Metric - HSS Industrial 
End Mill Set 

¢ 5 piece set 

© 6, 8, 10, 12, 16mm 
e HSS M35 5% Cobalt 
¢ Screwed shank 

Four flute 


$99 497.80 (M3362) 


Imperial - Precision 
HSS Drill Set 


* 29 piece set 

¢ Precision ground flutes 
¢ HSS M2 bright finish 

e Range: 1/16 ~ 1/2" 

© 1/64" increments 


WF atcocs 


$96 *+04.50 (01282) 


Metric - HSS Combination Tap 
& Drill Set 


© 7 piece set 

© Designed for up to 3.2mm 
sheet metal 

¢ HSS M2 grade 

¢ M3, M4, M5, M6, M8, M10 

¢ Includes hex snap-on drive 


$60 866-55 (0101) 


Metric Industrial a end 
End Mill Set 


6, 08, O10, @12mm 
* Micro fine solid carbide 
¢ Plain Shank 





























Metal Working Sheet Metal Fabrication Wood Working 


HF-14 - Clamp Kit 58 piece 

© M12 thread, suits 14mm slot 

°6 x T-slot nuts 

*6 x flange nuts 

¢ 4 x coupling nuts 

°6 x step clamps 

¢ 12x step blocks 

¢ 24 x studs 
(4ea = 75mm, 
100mm, 125mm, 
150mm, 175mm, 200mm length) 

¢1 x storage unit 


$90 99 (C0965) 


Metric - HSS Ball 
Nose Cutter Set 
¢ 5 piece set 

¢ 6, 8, 10, 12, 16mm 

e HSS M35 5% Cobalt 


e Plain shank 
* Two flute 


NB Favcocs | 


$99 497.80 (M3355) 


Metric - Precision 
HSS Drill Set 


¢ 51 piece set 

¢ Precision ground flutes 
© 1-6mm in 0.1mm increments 
¢ HSS M2 grade 












WFatcoct | 


$115 *426.50 (01285) 


HSS Sheet Metal 
Step Drill Set 


©3 piece set 

© For drilling thin material 
HSS M2 grade 

© 4-12mm x 1mm steps 
© 6-20mm x 2mm steps 
© 6-30mm x 2mm steps 


$75 $82.56 (01071) 


Metric - Carbide Tipped 
Hole Saw Set 


© 8 piece set 
© 16, 20, 22, 25, 28, 
30, 32, 35mm 
* Carbide teeth 
© @10mm shank 


$90 99 (D108) 





fm, A family 
#\ owned 
Australian 


4 ~ business 


Workshop & Automotive 


HF-16 - Clamp Kit 58 piece 


¢M12 thread, suits 16mm slot 

°6 x T-slot nuts 

°6 x flange nuts 

© 4 x coupling nuts 

°6 x step clamps 

© 12 x step blocks 

© 24 x studs 
(4ea = 75mm, 
100mm, 125mm, : 
150mm, 175mm, 200mm length) 

© 1 x storage unit 


590 899 (cov66) 


Metric - HSS 
Radius Cutter Set 


© 4 piece set 

¢ 4,5, 6, 8mm 

¢ HSS M85 grade 
e Plain shank 

© Four flute 


$133 445.20 (M3391) 


Metric - HSS Counterbore 
Drill Set 
©6 piece set 
* HSS M35 grade 


¢ Suits cap screws: 
M3, M4, M5, M6, M8, M10 















WP atcoct 


| 33 $4.45-20 (3381) 


HSS Countersink 
Set 


* 4 piece set 

e HSS M2 grade 
e 45° angle 

© @2 ~ O6mm 

© @5 ~ 10mm 
© O10 ~ 15mm 
© O15 ~ @20mm 


$65 $7456 (01051) 
Metric - HSS Hole Saw Set 


© 11 piece set 

¢ M42 Bi-Metal high 
speed steel 

© 19, 22, 25, 32, 35, 38, 
44, 51, 57, 64, 76mm 

* Includes 3/8" & 1/2" 
arbor shank & pilot drill 


$99 8440 (D102) 





















































Lifting Handling forth slate Im Foye) (3 VE Ted al ial-Wm Kole) W\erer-t-t-10) g(-1-) Measuring Equipment 


etric Hex Key Set with T-Bar Imperial Hex Key Set with Torx Key Set with T-Bar TCS-3 - Mobile Tool Storage 





andle T-Bar Handle Handle Cabinet Seat 
2, 2.5, 3, 4, 5, 6, 8, 10mm © 5/64, 3/32, 1/8, 5/32, 3/16, e710, T15, T20, T25, T27, ¢ 406mm seat height 
Chrome vanadium steel «a. -H e 1/4, 5/16, 3/18" o—} - T30, T40, T45, T50 —” ¢3 x drawers with ball bearing slides 
Adjustable 3 detent a * Chrome vanadium steel \ -_ ¢ Chrome oe © 420 x 235mm padded seat 
positions on T-bar handle q Adjustable 3 detent positions ee vanadium steel °2 x magnetic 
Free-spinning rotating handle Hl on T-bar handle iL. e Adjustable 3 detent wey os” side trays 

¢ Free-spinning rotating handle | as” positions on T-bar handle © 360° swivel wheels 

\ ¢ Free-spinning j - 





rotating handle 







69 82.56 (1020) $69 se2-50 (H821) $69 :92.50 (H822) $99 +40 (A001) 
PPS-7 - Hole Punch Set PN-1 - Portable Hand Notcher _EF-5S - Engineers File Set BD-360 - Bench 
1.2mm mild steel capacity 40 x 40 x 1mm mild steel capacity Second Cut Drill - Belt Drive 


3/32", 1/8", 5/32", 3/16", ¢ Easy to use with 


f " " 200mm hardened and tempered files © 20mm drill capacity 
Lana Re | & ae Comfortable handignh Second cut: Flat, 1/2 Round, Round, © 2MT spindle 
Peas ais Square, Triangular ¢ 12 spindle speeds 

p ¢ Includes carry case - © Swivel & tilt table 





storage case © 1hp, 240V motor 


¢ Includes light 








49 °60.50 112) $55 66 ($182) $39 842-35 (F100) = S41 9 845+ (0504) 


old Chisel Set - 3 Piece Pin Punch Set - 6 Piece Punch & Cold Chisel Set 1811167K - Oxyset Portable 
* 3, 4, 5, 6, 7, 8mm 14 Piece Brazing & Welding System 
¢ 150mm length | Package Deal 


© Torch handpiece 
with 2M hose 
*MAP-PRO gas & 
oxygen cylinders 
¢5 x welding nozzle tips 
¢2-x< flashback arrestors J 
*\Inc. goggles, flint 
sparker, 2 x gauges 


Chrome vanadium steel 
9.9, 12.6, 16.2mm wide 


¢5 x cold chisels 
¢ 4x pin punches 
¢ 4 x tapered punches 


| | e 1 x centre punch 











ane? 

11 £43.20 (ses) $15 *49.80 (rses) $55 866 (264) $3.49 :382-50 «ars 

CR-11D - Workshop Series XH-2P - 2-Axis Digital Readout XH-3P - 3-Axis Digital Readout TU-2506V-20M - Opti-Turn 
ool Box Package Deal Package Deal Package Deal Lathe & Mill Drill Combination 
Ball bearing slides * Multi function counter suits lathes & mills * Multi function counter suits lathes & mills Package Deal 
Protective drawer liners ©2-x Scales from 170 ~ 1020mm °3 x Scales from 170 ~ 1020mm , 
Key lockable drawers & lid 1 x Bracket kit ° 1 x Bracket kit TU-2506V Bench Lathe BF-20AV Mill Head 
Includes wheels #250 x 550mm capacity * 2-speed gearbox 


¢ 26mm spindle bore ¢ Head tilts +90° 
«Variable speeds ¢ Variable speeds 

150-2500rpm 90-3000rpm 
¢1.6hp 240V ¢1.13hp, 240V 








IWCH-6D WRC-5D 
¢ 6 drawer tool chest ¢5 drawer roller cabinet 
le 600 x 260 x 340mm © 616 x 330 x 762mm 
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Editorial Viewpoint 


Hand-held devices discourage creativity 


There’s no denying that smartphones and tablets are 
very handy devices. They give you the ability to look up 
information just about any time and anywhere. For ex- 
ample, there are times when I need to know the pinout 
ofa device in front of me. The easiest and quickest way 
is often to do a web search on its part code and then 
read the data sheet on my phone’s screen. 

But I don’t understand people who think that they 

can ‘get rid of’ their computers because they have a smartphone and/or a 
tablet. Sure, these devices are computers, and they can do many things that 
a desktop computer can. But they can’t do it all, nor can they do many of 
those things particularly well. 

To a large extent, replacing your proper computer with a mobile device 
relegates you to a being a ‘consumer’ of information, rather than a creator 
or producer of it. 

Even something as simple as writing a moderately-sized e-mail becomes a 
difficult task on a smartphone or tablet. Typing hundreds of words becomes 
a chore, and the risk of mistakes becomes much higher (auto-correct doesn’t 
allways get it write!). An external keyboard makes this easier, but the small 
portable ones are not very nice to use, and it’s hard to type quickly on them. 

And while there are millions of “Apps” available for Android and iOS, 
surprisingly few have the features you need to be creative (besides draw- 
ing and painting, which tablets have always been good for). You can pretty 
much forget about drawing up circuits or PCBs in a CAD program. All the 
ECAD software I’ve tried on Android devices has been a joke. 

Even if a proper ECAD program was ported to a mobile platform, and the 
device’s hardware could handle it, using it with a small(ish) touchscreen 
would be a nightmare. It would take hours to do something that would take 
minutes on a desktop or notebook computer. Without a proper mouse and 
keyboard, your productivity would be virtually nil. 

Another vital aspect that a lot of people forget about is ergonomics. You 
can’t really hold a mobile device in front of your face for very long, so you 
end up having to lay it down on a desk (or prop it up on a stand). But then 
you're looking down for hours at a small screen, causing neck and eye strain, 
and you'll get sore arms from prodding the screen. 

A properly set-up PC does not have this problem. With a good keyboard, 
mouse, screen and chair you can be productive all day without straining 
anything. (It’s arguably healthier to avoid sitting down all day, but unfortu- 
natey, this is the reality of modern office work.) 

So I’m concerned for the younger generations who are growing up sur- 
rounded by mobile devices. They may have limited exposure to ‘proper’ 
computers. I suppose school will expose them to computers and productiv- 
ity software, hopefully giving them opportunities to learn how to code, write 
prose, draw diagrams and so on. That should spur their creativity. 

I think it’s essential to be creative and ‘make’ stuff, whether that is art, sci- 
ence or engineering-based, or something else. Of course, you don’t need a 
computer to do that, but more and more these days, computers are involved 
in creative activities. I can even imagine sculptors taking advantage of 3D 
printers to create tricky shapes. 

So, keep your computer. Be productive. I don’t know about you, but I get 
bored with passive entertainment after a while, and I have to go off and do 
something productive. It’s just so much more engaging, and you get a much 
better sense of satisfaction from having done something useful. 


Nicholas Vinen 
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Letters and emails should contain complete name, address and daytime phone number. Letters to the Editor are submitted on the condition that 
Silicon Chip Publications Pty Ltd may edit and has the right to reproduce in electronic form and communicate these letters. This also applies to 
submissions to “Ask SILICON CHIP”, “Circuit Notebook” and “Serviceman”. 


Reading vintage core memories 

In the Mailbag section of the Sep- 
tember 2019 issue (page 4), Professor 
James Goding wrote in saying that he 
had a core memory module, possibly 
still containing data. There is now 
only one team of which I am aware 
that can read and dump these memory 
modules. Look up the YouTube chan- 
nel “CuriousMarc”: siliconchip.com. 


journey to restore a real Apollo Guid- 

ance Computer to working condition. 
Michael Kingsford Gray, 
Adelaide, SA. 


How a vibrator works 

Readers of the Vintage Radio arti- 
cle “Kriesler Farm Radio model 31-2” 
(September 2019; siliconchip.com.au/ 
Article/11930) should be made aware 








au/link/aavt 

He and his team of (amateur) steely- 
eyed missile-men have successful- 
ly designed and manufactured new 
equipment that can read these core 
and rope memories. Professor Goding 
may wish to contact Marc, or at least 
watch their captivating series on the 
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And the best part of all? They're right here in 


that the circuit diagram in Fig.2 “Op- 
eration of a Synchronous Vibrator” is 
incorrect. 

As drawn, the vibrator would not 
work. The energizing winding is 
shown continuously powered from 
the battery; with this connection, the 
reed would simply ‘pole’ to one side 


EXDERIGDES tie Linrex dierenees 
De} WWeantiaciurarl 


LIN TEK is one of the most innovative PCB companies in the world. Using a patented, high vacuum 
deposition process, LEN’MEN can manufacture a large variety of printed circuit boards, ranging 
from 1.8-metre long antennas, to sub-miniature transmitters, using a variety of different substrates. 


— iO Waiting, ne translation issues, no freight delays. . . no worries! 


CALL [LINTEK NOW to discuss your special PCB requirements. 
There's no obligation, no risk — and ol could Save a fo une! 


Australia’s electronics magazine 


and never release. The correct circuit 
diagram is to be found as Fig.32.2 in 
the Radiotron Designers Handbook 
(Fourth Edition) on page 1203. 

A further error is in the caption to 
Fig.2, in which the capacitor shown is 
referred to as a “filter capacitor”. This 
is actually known as a “timing capac- 
itor”; its value is chosen to resonate 
with the inductance of the transformer. 

For more information on vibra- 
tors refer to my article “Refurbish- 
ing a Vibrator” in the HRSA journal 
Radio Waves Number 149, July 2019 
(page 28). 

Ross Stell, 

Kogarah, NSW. 

Response: you are right that there is 
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an error in Fig.2, but it is more subtle 
than you suggest. The vibrator reed 
should have been shown in a central 
position, not making contact on ei- 
ther side. This is how the reed actu- 
ally rests when power is not applied, 
and a vibrator with this configuration 
will (and does) work. 

This mistake was unfortunately in- 
troduced when it was re-drawn for 
publication; the original diagram sup- 
plied by Graham Parslow was correct. 

Regarding the so-called “timing ca- 
pacitor”, Ian Batty comments: the vi- 
brator’s operating frequency is deter- 
mined by the stiffness of the reed, the 
mass of the electromagnetic tip that 
responds to the coil’s magnetic field 
and the magnetic flux created by the 
current through the coil. External com- 
ponents have no important effect on 
the frequency. 

The buffer capacitor (erroneously 
called the “timing” capacitor in some 
incorrect descriptions) is a critical pro- 
tective component. It is not there to 
resonate with the transformer. Reso- 
nance would cause the system to act 
like the tank circuit in a Class-C pow- 
er amplifier, converting current pulses 
into sinewaves. 

Any check of the supply to a vibra- 
tor-supply rectifier will show it to be 
substantially square. In fact, for high- 
est efficiency, we want a square wave 
at the rectifier. 

At some point in each half-cycle, 
the reed makes no electrical contact; 
there is a brief ‘dead-band’ between 
the time the contacts on the reed break 
connection with one fixed contact and 
re-make connection with the opposite 
fixed contact. For this brief period, the 
transformer primary current falls to 
zero. This collapses the transformer’s 
magnetic field near-instantaneously. 

This, according to Lenz’s Law, cre- 
ates a very large voltage surge. This is 
how Kettering ignition systems work 
in petrol engines, to generate the high 
voltages needed for a spark plug from 
a low-voltage supply. 

If allowed to occur, these voltage 
spikes would drastically shorten the 
vibrator contact’s lives and create mas- 
sive interference, if not causing insu- 
lation breakdowns on the secondary 
side. The buffer capacitor damps these 
voltage spikes. It’s commonly a 1.6kV- 
rated type for this reason. 

You may see sets with buffer caps 
on the primary and secondary, but it’s 
more common for them to be on the 
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secondary where a lower (more practi- 
cal) capacitor value can be used. 

One of my mates who works on vin- 
tage car radios has seen buffer capac- 
itors fail, leading to vibrator destruc- 
tion. He advises routine replacement 
if a set is in for service, as an insur- 
ance policy against future failures. 
Some of these capacitors are 50~60 
years old now. 


Ground symbol does not necessarily 
indicate Earth 

I have noticed that you have used 
the standard Earth symbol (+) incor- 
rectly in some cases. It is normally 
used to denote an ‘Earth’ connection, 
ie, connected to an Earth stake in the 
ground for a protective function. In 
our power systems (TN-C-S), the Earth 
connection is bonded to the Neutral 
side ofa transformer. As such, it is safe 
to touch. In fact, we may do so many 
times a day, for instance, when open- 
ing the refrigerator, dishwasher etc. 

In the Universal Dimmer project 
(February 2019; siliconchip.com.au/ 
Series/332), it is used to show a com- 
mon connection on the schematic. If 
you consider this is nearly at Active 





‘ potential with respect to Earth, it is 


not at a safe potential to touch. If this 
were a battery piece of equipment, one 
could argue that it does not matter. 
But in this case, it could’be mislead- 
ing and dangerous. 

This is akin to using a green/yellow 
wire for an Active conductor, strictly 
forbidden by AS/NZS 3000! I suggest 
that a different method be used to show 
the OV rail, for example, an inverted 
“T” with a OV designator. 

Thanks to you and your staff on the 
excellent magazine, it is always inter- 
esting to read. 

Lindsay Freund, 

Para Vista, SA. 

John Clarke responds: it is true that 
the ground symbol that we use to in- 
dicate the ‘common’ connection in our 
circuits started as indicating an Earth 
connection. 

But that is not how it has been used 
for many decades now. Since the days 
of valve radios, it has generally been 
recognised as being a way of simpli- 
fying a circuit drawing, so that com- 
mon connections do not have to be 
drawn as lines. 

This is the first complaint that we 
have received about using the ground 
symbol for non-Earthed points since I 
started working at Electronics Austral- 
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iain 1979. We have done many mains 
projects since then, some of which had 
grounds tied to (or near) Active. 

I can see how it may be possible to 
get the impression that these points 
in the circuit are connected to Earth. 
But we make a clear distinction in our 
diagrams by using the chassis Earth 
symbol to indicate Earth, and reserv- 
ing the ground symbol as a wiring com- 
mon symbol. 

The inverted “T” that you have sug- 
gested could be misconstrued as safe 
for similar reasons. It is just an abbre- 
viated form of the ground symbol. 

Ido not consider the ground symbol 
that we use as synonymous with using 
the green/yellow Earth wire for a live 
connection. The green/yellow Earth 
wire is legislated as only being used 
for Earth connections, and we fully 
agree with that. But the legislation 
does not extend to the use of symbols 
in circuit diagrams. It leaves symbol 
conventions up to the people drawing 
the diagrams. 

We could draw common circuit 
connections differently when they are 
floating, but any new common sym- 
bol (such as inverted T) would need 
to have a warning if the voltage on 
that connection is liable to be unsafe. 

One option would be to continue us- 
ing the ground symbol for low-voltage 
circuits and the inverted T for high- 
voltage common, with the voltage 
warning next to it. We will consider 
whether that is necessary the next time 
we design a project with a high-voltage 
common rail. 


Colour video from the moon landings 

The letter from Alan Hughes in your 
September issue on colour video of the 
US moon landings (Mailbag, page 8) 
reminded me of my experiences at the 
time, working for ABC Sydney. It was 
a long time ago, so some of the details 
may be a little off, but this is how I re- 
call it happening. 

For the second US moon landing 
(Apollo 12, November 1969), they took 
with them an unusually small colour 
TV camera. The modern method for 
making single-tube colour cameras 
(the dual-colour fine line optical filter) 
hadn’t been thought of then. 

It takes about 1000 litres of rocket 
fuel to get one kilo into orbit, and more 
still to the moon. So the propulsion 
team said there was no way the astro- 
nauts were taking a heavy three-tube 
colour camera along. 
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So instead, they fitted a rotating 
wheel containing three coloured plas- 
tic filters (red, green & blue) in front 
of a monochrome camera tube. It was 
synchronised so that each TV field was 
shot through a different coloured fil- 
ter. Each set of three fields could then 
combine upon reception to produce 
colour video. 

When the time came, the camera 
fired up and produced slightly flickery 
but quite watchable colour pictures. 
Of course, in Australia, most of the 
public (including me) only saw them 
in monochrome as we didn’t have col- 
our TV until 1975. 

After showing us breathtaking pic- 
tures of the Moon’s surface for just a 
short while, unfortunately, the cam- 
era was accidentally aimed at the sun. 
The coloured filters immediately bub- 
bled and buckled the filter wheel. It 
ground to a halt. 

Unfortunately for all the world 
watching, the wheel stopped with its 
spoke in front of the camera tube. No 
amount of hitting the side of the cam- 
era would free it up, and so that was 
the end of video for Apollo 12. 

The camera designers, determined 
that this wouldn’t happen again, modi- 
fied the design. I assume they did this 
by adding an infrared filter to protect 
the colour wheel. This improved cam- 
era made it to the moon on the Apollo 
15 flight (July 1971). 

By this time, our TV station had tak- 
en delivery of a colour Telecine chain 
for training purposes; it came with a 
large colour monitor with red, green 
and blue baseband video inputs. By a 
stroke of good fortune, I was on duty 
in Telecine maintenance over the few 
days of the Moon landing. 

Fortunately for us, the Moon was in 
the Southern sky for some of this most 
critical time, and so Australian dishes 
received the Moon pictures and sent 
them on to America. In those days, 
all TV signals were carried around 
the country by Postmaster-General’s 
Department (PMG), the predecessor 
of Telstra. 

At that time, any self-respecting TV 
station had cables feeding signals to 
and from the PMG. It didn’t take us 
long to get a clean feed of the signal 
straight from the Moon. 

Looking at the flickering pictures, 
I thought it shouldn’t be too hard to 
decode the colour. I grabbed a couple 
of RTL JK flipflops and wired up a di- 
vide-by-3. Ithen used a couple of TTL 


10 SILICON CHIP 


NAND gates to decode the three states 
and used them to drive three metal-can 
NPN transistors. 

I tried using these to switch some 
small cradle relays, which were quite 
abundant around the station. Not be- 
ing designed for video, they leaked at 
high frequencies, switched too slowly 
and bounced all over the place. 

Someone asked me why I didn’t 
try reed relays. I said: where am I go- 
ing to get some at short notice? This 
person pulled out a small cardboard 
box which had half a dozen 12V reed 
relays, complete with coils. I slapped 
them in-circuit, and lo and behold, we 
had colour pictures from the Moon on 
the monitor. 

Unfortunately, they were the wrong 
colours, but we soon got the cables into 
the right colour sockets. Fast move- 
ments looked a bit weird, with the edg- 
es having flickering colours like a bar- 
ber’s pole running up and down them. 
But as most movements on the Moon 
were done slowly, it looked terrific. 

By the end of the third day, the reed 
relays were starting to muck up. You 
could see black lines at the top of the 
picture, and they repeated several 
times down the picture with a few 
good lines in between. As the black 
lines got worse, the sync signals got 
chewed up, and the top of the picture 
started to tear. The reeds were start- 
ing to bounce. 

A quick calculation (3 days x 12 
hours x 3600 seconds x 60 fields per 
second + 3 relays) showed that they 
had each opened and closed more than 
2,500,000 times since we first started 
watching the Moon pictures. No won- 
der they were wearing out! 

Gary Yates, 

Frenchs Forest, NSW. 


Advantages of motor current limiting 

I want to comment on Gianni Pallot- 
ti’s 4DoF Gamer’s Seat project in your 
September issue (siliconchip.com.au/ 
Article/11912). What an impressive 
project! It is pure mechatronics, and 
Gianni deserves applause for tackling 
such a project successfully. 

I bet that at some point during the 
development of this project, he wished 
he had not started it. Projects that 
require electronic and mechanical 
knowledge and skill, plus program- 
ming, can develop into monsters. Al- 
though this project is not at the high 
end of complexity, it would still have 
been a serious challenge. 
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However, I noticed that the motor 
drivers are not current-limited. Perma- 
nent magnet motors draw heavy cur- 
rents at startup and with a Bosch in- 
dustrial version, the stall current was 
stated at 28A. I have used windscreen 
motors several times, and I vaguely re- 
member early Holden motors peaking 
at something like 11-14A. 

The problem is that the power sup- 
ply must be big enough to supply this 
large current. If it does not have the 
current rating or considerable surge 
capability, it may fail or at least ‘drop 
its bundle’. 

I measured Bosch and Holden mo- 
tors as drawing approximately 2A at 
no load and approximately 4A under 
normal load. If a current limiter (con- 
stant current circuit) set at 6A is used 
to supply Q2 and Q4 in each H-Bridge 
module, a much smaller and cheaper 
power supply can be used. 

Permanent magnet motors do not de- 
liver substantially more torque with a 
high stall current. The maximum cur- 
rent can be limited to a much lower 
value with little reduction in peak 
torque. 

The most efficient motors will have 
low armature and brush resistances 
and therefore will have high stall cur- 
rents, regardless of their power rating. 
The proper solution is to fit current 
limiting. 

George Ramsay, 

Holland Park. Qld. 

Response: we believe that Gianni’s 
specified power supply is more than 
capable of dealing with the peak power 
requirements of his design. Regardless, 
your comments are interesting and 
may be useful to constructors or those 
driving motors for other purposes. 


Impressed with the Micromite 
series of modules 

I am impressed by the performance 
and versatility of the Micromite se- 
ries of devices. The new Explore-28 
will no doubt fast track many person- 
al projects. 

Having built projects using mostly 
PIC microcontrollers programmed in 
C, the challenge was always the choice 
of display. 

For the sake of avoiding the more 
complex interfacing and program- 
ming requirements of a graphics dis- 
play, I would often settle for a two- or 
four-line alphanumeric LCD. But the 
Micromite BackPack and the Explore 
100 changed all that. 
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Initially, I thought the BASIC code 
would be noticeably slower and con- 
sume more memory, but I was pleas- 
antly surprised by both the perfor- 
mance and the amount of code that 
one can load into the device. 

Iam sure the versatility, ease of use 
and low cost will also attract more 
school and college students venturing 
out into the world of electronics — well 
done in promoting these devices and 
delivering several great projects based 
on the Micromite! I think it is a game- 
changer for future projects, as it allows 
one to focus on the design and delivery 
of the device being controlled. 

As an example, I modified Jim 
Rowe’s ADF4351 sample program for 
the Micromite BackPack (May 2018; 
siliconchip.com.au/Article/11073) to 
provide more control of the frequen- 
cy generator module. I added a sweep 
feature with dwell, space, swing and 
power level controls. (The code is 
available for free from siliconchip. 





month’s issue.) 

The Micromite easily handles the 
additional code, and there is still 
plenty of room left for more features, 
such as saving user-defined settings, 
which made me wonder whether the 
Micromite should perhaps include an 
onboard EEPROM. 

For saving user settings, the flash 
memory in the Micromite will suffice 
for up to 20,000 write/erase cycles, but 
one does need to be careful if using it 
for more frequent writes. 

As the manual states, if writing to 
the flash every second, the 20,000 
writes would be used up in six hours, 
compared to 50 years if only doing one 
write per day. 

Steve Matthysen, 

Valdora, Qld. 

Response: most of the credit for the 
Micromite series should of course go 
to Geoff Graham, Graeme Rixon, Peter 
Mather, Robert Rozee, Serge Vakulen- 
ko and the others who helped develop 
the modules and software. 

The low-cost DS3231 real-time clock 
module which we have used in many 
of our Micromite-based projects has an 
onboard I?C EEPROM, which is quite 
easy to use. 

You can probably get an EEPROM 
that can be soldered to the flash/RAM 
IC pads provided on the V3 BackPack 
PCB (August 2019; siliconchip.com. 
au/Article/11764). 

Note that there are also flash writ- 
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ing strategies for saving settings which 
can dramatically extend the life of the 
flash, making it practical to use for 
relatively frequent updates. 

Microchip’s “Data EEPROM Emula- 
tion” code (siliconchip.com.au/link/ 
aavu) is a good place to start if you 
want to implement a similar scheme 
in MMBasic. 





DAB+/FM/AM Radio noise 

Further to my e-mail on the 
DAB+FM/AM Radio (siliconchip.com. 
au/Series/330) that you published in 
the Ask SILICON CHIP column (October 
2019, page 110), Ire-soldered all of the 
components around IC5, but there was 
no improvement in the background 
noise situation. 

While prodding around my radio 
board with my newly acquired/con- 
structed DSO138 oscilloscope (as re- 
viewed in your April 2017 issue — 
siliconchip.com.au/Article/10613), | 
found spikes at about 120Hz in lots 
of places, including the 5V rail. Given 
that the 5V supply to the radio board 
comes from the Explore 100, I checked 
on my other Explore 100 module and 
was surprised to find the same spikes 
there. 

I experimented by removing the 
touchscreen from the Explore 100 en- 
tirely. When I powered up the radio in 
this state, the sound in my headphones 
was perfect. The set happened to be 
tuned to an FM station (I don’t know 
which one; I didn’t have a screen) that 
was playing some classical guitar mu- 
sic. It was beautiful. 

Also, the background noise at start- 
up, that isn’t restricted to the head- 
phones, was absent. When I plugged 
the set in, the silence in my headphone 
was such that I wondered ifthe set was 
actually working! 

In anticipation of the possibility that 
the female header (CON9 on the Ex- 
plore 100) is causing the background 
noise, I went over all the 40 pins on 
the Explore 100 board and re-soldered 
them. But when I re-assembled the ra- 
dio with the screen and plugged it in, 
both background noises had come back 
with a vengeance... 

I then tried adjusting the touch- 
screen backlight brightness and found 
that setting it to 100% (maximum 
brightness) caused the noise to disap- 
pear. So it seems likely that it is related 
to the PWM backlight control. 

So it seems that the screens are 
my problem. I would appreciate any 
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comments you have on that, please. 
If I understand correctly, noise can be 
smoothed out with strategically placed 
filters of one sort or another. But where 
on these circuit boards could they be 
installed? And do you have any idea 
why the background noise is only 
heard out of the headphone socket, 
and not the loudspeakers? 

I bought my 5-inch touchscreens 
from Amazon. Perhaps they are dif- 
ferent from the ones you used in your 
prototypes. I would quite happily buy 
another screen. But how can I be cer- 
tain that a new screen would be OK? 

David Plumley, 

Noumea, New Caledonia. 
Response: we tested adjusting the 
PWM backlight brightness on our pro- 
totypes to ensure that this was not a 
source of interference, and didn’t hear 
the noise you are describing, so it is 
quite baffling. It could be due to differ- 
ences in the display, but it seems more 
likely that it’s a soldering or compo- 
nent problem somewhere on the radio 
board, which is increasing the inter- 
ference pick-up. 

The audio output stage runs direct- 
ly off the 5V rail from the Explore 100 
via pin 3 of CON3. We suggest that you 
disconnect this pin and try connecting 
5V from the Explore 100 to CON9 via 
a resistor (say 10-47Q), with a high- 
value electrolytic capacitor connected 
across CONS. 

If that kills the noise, then it’s defi- 
nitely getting in through the 5V rail, 
and you can try other approaches to re- 
move it (or just find a convenient place 
to hide those added components). 

We bought our screens from: www. 
aliexpress.com/item/32665326615. 
html 





RF Signal Generator needs a load 
to test power switch 

I am partway through building 
the AM/FM/CW Scanning Signal 
Generator project (June & July 2019; 
siliconchip.com.au/Series/336). I 
have reached the point in construc- 
tion where the article suggests “Early 
Testing”. 

Following the instructions, I took 
the opportunity to test the power 
switching and connected a 12V DC 
supply. When I pushed S3, 4.9V DC 
appeared at JP1 as outlined in the text. 
But when I pushed S3 again, the unit 
did not switch off. 

Itried changing various components 
within the switching circuitry, includ- 
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ing the 10kQ resistor, as mentioned in 
Notes & Errata (September 2019), all 
to no avail. 

After a bit of thought, I realised that 
there is no load within the circuit as 
1C1, the AD9850 and other RF sec- 
tion components had yet to be fitted. 
I clipped a 10Q resistor across the 
supply (from JP1 and GND) to give a 
500mA load, and the unit switched on 
and off as expected. 

I hope this may save some readers 
some head-scratching in the future. 

Warwick Guild, 

Dunedin, New Zealand. 


Less accurate voltage reference 
probably counterfeit 

I read your article on AD584 Pre- 
cision Voltage References (July 2019; 
siliconchip.com.au/Article/11706). In 
it, Jim Rowe writes that the supposed- 
ly highly-precise AD584LH was actu- 
ally further from its nominal voltage 
than the lower-grade JH/KH ICs that 
he tested. 

The explanation is hinted at in the 
article, “assuming they are genuine”. 
There are many likely-fake LH mod- 
ules being sold, with the price of the 
complete module being less than what 
the LH IC alone should cost. 

Given that the alleged LH performed 
worse than the other two, you may 
have a reject part that some enterpris- 
ing vendor has re-badged as a high- 
priced LH. Do a Google search for 
“AD584LH fake” for more discussion 
on the dodginess of some of the stuff 
out there, eg: http://siliconchip.com. 
au/link/aauw 

Peter Gutmann 

Auckland, New Zealand. 
Response: we had a feeling, based on 
the results, that the part was not a gen- 
uine AD584LH but we had no proof, 
as it was within specifications. As the 
part is no longer being manufactured, 
it’s hard to say where you can reliably 
get the genuine article. 








Mains hazard warning alarm 

In the April 2019 issue, Paul Smith 
of King Creek wrote in, wondering 
about a neutral fault hazard detector. 
SILICON CHIP published my design for 
a MEN System Hazard Detector in the 
Circuit Notebook section of the De- 
cember 2014 issue (siliconchip.com. 
au/Article/8124). It is safe and has an 
audible, strobe light alarm. 

Dr Hugo Holden, 

Maroochydore, Qld. SC 
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te CAN 


CONTROLS 


GNSS Modbus Gateway 
Modbus RTU slave providing 
precise date, time, position, 
altitute and Speed ata from 
GNSS receiver. Status LED 
shows lock status. Highly 
configurable. 

SKU: KTA-391 

Price: $295.00 ea + GST 


HUMIDITY/BAROMETER 


TEMPERATURE METER 

The PHB-318 is a Barometer, 
Humidity, and Temperature meter, all 
three in one portable unit. Displays 
Dew Point and records Max and Min 
readings. 

SKU: LUT-004 

Price: $225.00 ea + GST 





RAMIX Ethernet and IO Module 


The DigiRail Connect RAMIX Pe] 


features both a Modbus TCP and 
Modbus RTU communications and 
has 2 universal analog inputs, 2 

analog out, 4 digital input and 

counter (32bit) and 3 digital out. i 
SKU: SIG-121 ! 
Price: $399.95 ea + GST \ 
Temperature Controller with Timer 
N1030-PR Compact sized PID Temperature 
Controller with auto tuning 
PID and Timer. 12-24 Vdc / 24 
Vac powered. Input accep 
thermocouples J, K, T and 
Pt100 sensors. Pulse and 
Relay outputs. 
SKU: NOC-321T 
Price: $99.95 ea + GST 


1-port CAN Bus to Fiber Converter 
MC201-F is a CAN bus 
signal to optical signal 
converter. Suitable for 
CANopen Stepper Drive 
This stepper motor drive with CANopen 





Multimode fibre. Features 
SC connection and 2Km 

transmission distance. 

SKU: TOD-090 

Price: $346.80 ea + GST 
communication bus supporting standard 
CiA 301/402 protocol, and 

compatible with most popular 

CANopen master controllers. 

20 to 80 VDC powered with 

output current up to 8.2 A 


peak. 
SKU: SMC-064 
Price: $229.95 ea + GST 


I0-3RM Three Stage Sequencer 
MOD-3RM module converts 
a 0-10V DC analogue output 
sire’ to a three stages of 
relay outputs or Fan Bacal 
sequenced output. Ideal for | 
use in HVAC 

SKU: SXS-443 

Price: $79.95 ea +GST 
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How does satellite navigation work? 


Be REA 


Global Navigation Satellite Systems (GNSS), of which the familiar GPS 
(Global Positioning System) is but one example, are now ubiquitous and 


~. used in everyone’s daily lives. Most people do not even know the origin or 


- workings of the location and mapping functions built into the smartphones 
that they carry. To them, it’s just ‘there’, and it works. But there is a lot 


going on dudes the scenes! 





lished an article on Augmented GNSS (siliconchip. 
com.au/Article/11222), describing how the accuracy 


[ the September 2018 issue of SILICON CHIP, we pub- 


of satellite navigation systems can be enhanced beyond 
what is ordinarily available, through various augmentation 
systems (eg, SBAS — Satellite-Based Augmentation System). 

This augmentation is not needed for ordinary users but 
is for applications such as aircraft landing, precision agri- 
culture and self-driving cars etc. 

We also looked at a predecessor system to GPS, the ter- 
restrial based Omega Navigation System in the September 
2014 issue (siliconchip.com.au/Article/8002). 

But so far, we have not actually described in detail how 
satellite navigation systems work. This article corrects that 
omission. We will go back to basics, to describe how the 
regular (non-augmented) GNSS systems operate. 


the word was the US GPS 


In the beginning... 


The first GNSS system put in place, and the one most 
people are familiar with, is the US Global Positioning Sys- 
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tem (GPS). This was developed for the US military, both 
for navigation and to ensure better accuracy with their 
weapons systems (with the benefit of limiting unintended 
civilian casualties). 

This system was also made available free of charge 
worldwide, with reduced accuracy at first (“selective avail- 
ability”), then later with the full available accuracy. The 
USA turned off selective availability on 1st May 2000 and 
undertook never to use it in the future. 

Part of the motivation for this was to prevent future 
tragedies such as Korean Air Lines Flight 007, which was 
shot down by the Soviet Union in 1983 after inadvertently 
flying into Soviet air space, due to a navigational error. 

Newer GPS satellites, or Space Vehicles (SVs) as they are 
called, don’t even support selective availability. 

While the US Global Positioning System was the first, 
the following systems have since come into service, or soon 
will be: GLONASS (Russian; fully operational), Galileo (EU, 
to be fully operational by 2020) and BeiDou (China, also to 
be fully operational by 2020). There are also two regional 
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systems: NavIC (India) and QZSS (Japan). 

Then there are the following augmentation systems 
which provide greater positional accuracy (down to cm 
or even mm) and which were described in the September 
2018 article: WAAS (USA), EGNOS (EU), MSAS (Japan), 
GAGAN (India), SDCM (Russia), WAGE (US Military), SBAS 
(Australia, test-bed) and the commercial systems StarFire, 
C-Nav, Startfix, and OmniSTAR. 

Newer satellite navigation receivers are ‘multi-constel- 
lation’ types which support more than one of the above 
GNSS systems and can have access to over 100 satellites. 

This makes position fixes in “urban canyons” and chal- 
lenging terrain easier, as there is a higher likelihood of hav- 
ing more satellites visible directly overhead, also avoiding 
multi-path reflections from satellites that are not directly 
in the line of sight. 


Basic operating principles 

The same basic operational principles apply to all GNSS 
systems. Each system has a group of satellites in orbit, 
known as a constellation. Each satellite sends a continuous 
signal to Earth which contains data such as the satellite ID, 
the current time onboard the satellite, the position of the 
satellite and other data. For GPS, this encoded information 
is called the Navigation Message. 

All of the satellites in a constellation are synchronised 
with the same time reference, which is achieved using 
extremely accurate atomic clocks onboard each satellite 
and on the ground. 

To achieve a full position fix, in theory three satellite 
signals at sea level are sufficient (where sea level represents 
the roughly spherical shape of the Earth, the so-called refer- 
ence ellipsoid or ‘geoid’ which are accurate models of the 
exact shape). Four satellites are required to also compute 
altitude above sea level. 

To get a position fix, two fundamental things need to be 
established. The first is the distance from the user’s receiver 
to three, four or preferably more satellites. 

This is called “trilateration” in the specific case of three 
satellites, or “multilateration” for three or more. 





Fig.1: the intersection of three spheres, with radii defined 
by the distance between a group of satellites and a receiver. 
This shows how the intersection of two spheres produces a 
circle (blue), and the addition of a third sphere defines two 
points on that circle (yellow). 
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(Above and opposite): an artist’s impression of the latest 
generation GPS Block IIIA satellite by Lockheed Martin, 
first launched December 23, 2018. These offer three times 
greater positioning accuracy than their predecessors, 
increased signal power and much-improved resistance 
against jamming. The satellites of the GPS constellation are 
named NAVSTAR (Navigation Satellite Time and Ranging) 
with various numbers to identify them. See the video titled 
“Building the Most Powerful GPS Satellite Ever - GPS III” at: 
siliconchip.com.au/link/aavj 





This gives a relative position of the receiver with respect 
to those satellites at the time of their transmission. To 
calculate the user’s location, it’s therefore also necessary 
to establish the position of the satellites at the time they 
transmitted their signals, which is encoded in the data 
stream along with the time of transmission. 

This then gives the approximate location of the receiver 
on the Earth’s surface or above it. These measurements are 
then followed by many corrections and iterative adjust- 
ments to get a more exact positional fix. 


Determining the distance to the satellites 
Radio signals travel at the speed of light, ie, 299,792,458m/s 







Location 
rejected GPS satellite 
GPS satellite #3 range 
#1 range re, 


GPS satellite f// 
#2 range WX, Lesa Ae 4 

Fig.2: the intersection of spheres representing the distance 
from a receiver to three satellites, showing the two possible 
locations of the receiver with one point being obviously 
wrong and rejected. A fourth satellite will establish 
additional information such as altitude and help in 
calculations to correct the receiver time clock. 
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C/A PRN : 1.023 MHz 

| | | | |i] | | | Hil | Chip durafion : ~ 1 ps 
CIA period: 1023 chips 
Navigation Info: 50 Hz 
Bit duration: 20 ms 
One bit: 20 full PRN 
Composition 
Change of phase 

yo) Co -fer- 1-18) 


Fig.3: the structure of GPS signals including a carrier, pseudo- 
random noise (PRN) code, navigation data (one bit for every 
20 PRN cycles) and the resulting combined signal, that is 
transmitted by the satellite. C/A stands for coarse/acquisition 
code. Image source: José Caro Ramon, Head of GNSS 
Augmentation Systems and Services at GMV, PMP; Creative 
Commons Attribution-Share Alike 3.0 Unported license. 






in a vacuum. If we know the delay between the transmission 
of a signal from a satellite and it being received on Earth, 
we can determine the distance between the transmitter 
and the receiver. 

This propagation delay calculation requires that the time 
the signal leaves the satellite and the receipt time at the 
receiver be known. The signals leaving the satellite have 
a time stamp of the departure time. 

Ideally, the receiver would have an atomic clock syn- 
chronised to the same time as the satellite clock, but gener- 
ally, this is not the case; not everybody has pockets large 
enough to carry around an atomic clock, or the batteries 
required to run it! 

We will discuss how that problem is dealt with later. 

Knowing the exact time is essential as even a 1ns (one- 
billionth of a second) clock error at the receiver compared 
to the satellite will result in a 30cm positional error; that 
is how far radio waves travel in 1ns. 

Knowledge of the propagation time of a signal (ie, dis- 
tance) from one satellite to a receiver locates the receiver 
on a sphere around the satellite, with its radius being the 
calculated distance (see Figs.1 & 2), Knowing you are some- 
where on a sphere is not that useful, so more information 
is required. 

If the distance to a second satellite is known, then the 
receiver can be determined to be somewhere in a sphere 
surrounding that satellite as well. The receiver location is on 


The full GPS interface specification 


If you are interested in seeing the core technical document 
that defines everything you need to know about the “interface” 
between the “space segment” of the Global Positioning System 
and the “user segment”, some of it is contained in the 224-page 
document named “Interface Specification IS-GPS-200J, May 22, 


2018”, available at: siliconchip.com.au/link/aavk 


This describes the structure and content of data transmitted 
from GPS satellites on radio frequency links L1 and L2. Related 
technical documents can be found at: www.gps.gov/technical/ 

A useful book on GPS is P. Misra and P. Enge, Global Position- 
ing System: Signals, Measurements and Performance, Ganga- 
Jamuna Press, 2011. 
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Fig.4: how the signal travel time from the satellite to the 
receiver is determined. The receiver knows the matching 
PRN code expected from each satellite. The PRN code within 
the receiver is shifted until the maximum correlation is found 
between the received and expected signals, and the offset 
required to do this establishes the travel time, At. In this 
case, if the receiver code was shifted all the way to the left, 
there would be an exact correlation. Figure source: Carlos 
Lopez, https://gssc.esa.int/navipedia/index.php/GNSS_Basic_ 
Observables 


the intersection of two spheres, which describes a circle. So 
we know the receiver is somewhere on that circle. But that 
is still not enough information for a complete position fix. 

With a third satellite, we calculate a third sphere, and 
this also has to intersect with the circle formed by the in- 
tersection of the first two spheres. When a sphere intersects 
with a circle, it does so at two points. 

So with three satellites we then have two possible posi- 
tions of the receiver. The question then is how to determine 
which of those positions is the actual location. 

Usually, the position nearest Earth would be chosen as the 
obvious location, and the second position would be rejected. 

If a fourth satellite is used, it can unambiguously estab- 
lish which of the two possible positions is the correct one 
without having to guess. The fourth satellite is needed for 
another reason as well as will be discussed later. 

Note that at this point, only the relative position of the 
receiver with respect to the satellites is known. So to de- 
termine the actual position of the receiver with respect to 
the Earth, knowledge of the satellites’ position is required. 


Relativity effects and corrections 


Satellite navigation is an everyday situation where Ein- 
stein’s theories of Special Relativity and General Relativity 
have to be taken into account. 

Firstly, because the satellites are moving relative to the 
observer (about 14,000km/h for GPS), there is a time dila- 
tion effect. Special relativity says that the clock on board 
the satellite will fall behind ground-based clocks by about 
7s per day. Bearing in mind radio waves travel about 
30cm per nanosecond, this would amount to an error of 
2.1km per day. 

Secondly, massive bodies such as the Earth distort space- 
time and the closer to such a body a clock is, the slower 
time seems to go relative to an outside observer. 

Since the satellites are high above the Earth, an observer 
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Fig.5: the mathematical model used by a GPS receiver to 
apply correction parameters. Similar procedures apply 

to other GNSS systems. SV stands for space vehicle; a10, 
a11 and a12 are polynomial coefficients related to satellite 
clock error; toc is “time of clock”; ERD is estimated range 
deviation; c is the speed of light; t is the true GPS time 

at the time of data transmission; t,, is the space vehicle 
time; Ajsy is the difference between the space vehicle 

time and the centre of its antennae; Aj, is the relativistic 
correction; a and # are ionospheric parameters; Tgp is 

the group delay differential; and Ttropo and Tiong are 
corrections for tropospheric and ionospheric delays. From 
Interface Specification IS-GPS-200K, “NAVSTAR GPS Space 
Segment/Navigation User Segment Interfaces”. 


on Earth would see the satellite clock running faster than 
an Earth-based clock by about 45y1s per day. 

The combined effect of the satellite clock running slower 
due to special relativity and faster due to general relativ- 
ity from the point of view of an Earth-based observer is a 
difference of 381s or 11.4km per day. Satellite navigation 
would therefore be worthlessly inaccurate if these relativ- 
istic effects were not taken into account 

Another phenomenon that has to be taken into account is 
the kinematic “Sagnac effect”. This can amount to a timing 
error of up to 207ns or up to 62m per day. 

Between the satellite and the Earth, there is a rotating 
frame of reference. Two electromagnetic beams going in 
opposite directions on the same closed path around a ro- 
tating object will take different times to complete the trip. 
Therefore, the timing has to be adjusted to obtain the exact 
propagation time ofa signal from the satellite to the receiver. 

There are additional corrections which must be made to 
get accurate results, which will be discussed later. 


The pseudo-random noise (PRN) ranging code 


The pseudo-random noise code is what is used to identify 
which signals come from which satellites. All satellites in 
a GNSS constellation are assigned a unique PRN number. 

In the case of GPS, two primary frequencies are used (with 
more under development). These are L1 and L2. Civilian 
GPS mostly uses just L1 (and some L2) and the military 
use both L1 and L2. 
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Fig.6: example almanac data for one satellite. Each GPS 
satellite transmits almanac data for all GPS satellites. This 
allows a receiver to determine which satellites are likely 
to be in view, significantly reducing the amount of signal 
searching that it needs to do. 


EPHEMERIS FOR SATELLITE 24 

PRN number for dated: cdi scscensccswsaen 24 

Issue of ephemeris data ...........+-. 179 
Semi-Major Axis (meters) ............. 2. 65599E+07 
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Mean motion difference (rad/sec) ..... 3.94802E-09 
Eccentricity (dimensionless) ......... 0.00623617 
Rate of inclination angle (rad/sec) 1.05004E-10 
Inclination angle @ ref. time (rad) .. 0.976756 
Mean Anomaly at reference time (rad) . 1.79689 
Corrected Mean Motion (rad/sec) ...... 0.000145861 
Computed Mean Motion (rad/sec) ....... 0.000145858 
Argument of perigee (rad) ............ -2.06498 
Rate of right ascension (rad/sec) - ~7.67032E-09 
Right ascension @ ref time (rad) ..... -2.4059 

SORE Kd = 602). census ius con oeseewane 0.999981 

Sqr root semi-major axis, (m*1/2) - 5153.63 
Reference time ephemeris (sec) sey a lel 252000 





Fig.7: an example of GPS satellite ephemeris data, broadcast 

from each satellite. PRN is the pseudo-random noise number. 
The ephemeris is highly accurate orbital data from which the 
exact location of the satellite can be established. 


In the civilian case, since all satellites are broadcasting 
on the same frequency, a way is needed to identify the 
signal from each individual satellite from among a whole 
jumble of signals. 





The GPS date rollover problem 


GPS time uses week numbers which started counting at mid- 
night on 5th January 1980 and are numbered from 0 to 1023 (ie, 
1024 weeks), after which the week number is reset to zero. The 
first rollover occurred on 21st August 1999, and the next one 
after that was on midnight 6th April 2019. 

The next rollover will occur at midnight on 2nd November 
2038. This year, there was a concern that some GPS units might 
not handle the rollover correctly and would reset themselves to 
1980 or 1999. People were warned about this, but it appears to 
have not been a problem as most GPS units were programmed 
correctly to handle it. 

Editor's note: we noticed some older GPS modules giving incorrect 
dates after April 6. Apart from the date being wrong (nearly 20 
years earlier than it should be), everything else seems to work, 
including location information and the time. These modules were 
purchased some years ago; those sold within the last few years 
should handle the week rollover seamlessly. 
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correction term to the 
argument of latimde 


Fig.8(a) [left]: the values within the ephemeris (orbital) 


; . data and their meanings. In addition to the ephemeris, the 
Cis Amplitude of sine harmonic Rad 





éBiecon teats Rothe Navigation Message also contains the following important 
argument of latitude clock parameters: t0c (reference time) and ag, aj, az 

C, a ee ae (polynomial coefficients for clock correction: bias [s], drift 
correction term to the orbit [s/s], and drift rate/aging [s/s2]). Fig.8(b) [above] explains the 
radius symbols of Figs.8(a) and Fig.9 

Cc. Amplitude of sine harmonic m 
correction term to the orbit 
radius 

CG Amplitude of cosine harmonic Rad Fig.9 (opposite): for those interested in the mathematics 
= the angle of behind calculating the satellite position using ephemeris 
inclination } i 

C, Avice atowhatneat? Rad data, here are the equations used. WGS84 is the World 
correction term to the angle of Geodetic System 1984 coordinate system, and ECEF is Earth- 
ane HNANGH centred, Earth-fixed coordinate system. Table from Ryan 

toe npn aeeaeinenine s Monaghan. From: siliconchip.com.au/link/aavl 

IODE Issue of data. ephemeris Dimensionless 





7” Pi) 280 300 320 mw ° 20 40 40 ao 100 120 149 146 18 70 
Fig.11: high-orbit GLONASS is a system that will be implemented to provide improved regional coverage over Russia, 
much like the Japanese QZSS system. The ground tracks of the orbits are shown in red. Presumably, Australian users will 
benefit from this system as with QZSS, as some of the satellites will be visible over Australia. 
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ALGORITHM FOR COMPUTING SATELLITE POSITION 


Equation Description 


WGS S4 value of earth's 
universal gravitational 
parameter 

WGS 84 value of earth's 
rotation rate 
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Second-harmonic correction 
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Second-harmonic correction 
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Second-harmonic correction 
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Corrected radius 
Corrected inclination 
X coordinate in orbit plane 


Y coordinate in orbit plane 
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ECEF X coordinate 
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CDMA (code division multiple access), a spread spectrum 
technique, is used to achieve this. CDMA was previously 
used on some mobile phone networks. 

A PRN code is part of the CDMA scheme and is used 
to identify the signal of interest. It is a carefully selected 
binary code and one of a set. The PRN codes are chosen 
so that no two are alike. 

The PRNs are called Gold codes after the person who 
invented them, and have “bounded small cross-correlations 
within a set” which means that they have the most possible 
difference between them (see Fig.3 & 4). 

The PRN codes are predetermined and stored in both the 
satellites and receivers. By knowing the PRN code ahead 
of time, a receiver can pick out one signal from many that 
are simultaneously being received. 

The PRN code is broadcast continuously, and the naviga- 
tion data (at a much lower bit rate) is superimposed on that. 
The transmitted signal has more bandwidth than required 
for the transmitted navigation data, to allow the PRN code 
to be incorporated. 

One way of thinking about this is like a room full of 
people all speaking different languages at the same time. 
If you are only interested in receiving the message of the 
speaker of one particular language (the desired PRN code), 
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Fig.10: a 10.23MHz rubidium frequency standard (“atomic 
clock”) from the late 1970s, by Frequency Electronics, Inc. 
These were used on early GPS satellites, although this one 
looks more like a prototype. Part of the National Air and 
Space Museum collection, Smithsonian Institution, 
Washington DC. 


the voices of all other speakers are rejected as noise (dif- 
ferent PRN codes). 

In the case of GPS, the PRN code is 1023 bits long and 
repeats every millisecond for civilian users. The military 
L1 and L2 signals have PRN sequences that are about 6.2 x 
10! bits long (773 gigabytes) and take one week to transmit, 
even at a higher bit rate (or chip as it is called). 

The civilian PRN is known as the C/A code (coarse/ 
acquisition) and the military the P (precision) code. 

There is also a Y and a more modern M code for military 
use. These have improved anti-spoofing and anti-jamming 
capabilities. 

There are also modernised civilian services on later satel- 
lites, on the L2 frequency (called L2 CM and L2 CL) which 
offer improved navigational accuracy and other benefits. 
“Safety of life” signals are also transmitted on more recent 
satellites on the L5 band, along with PRN ranging codes. 

Apart from enabling multiple signals on one frequency, 


The role of GPS in timekeeping 


Apart from its obvious role in navigation, GPS also plays a 
vital role in timekeeping via the very accurate atomic clocks each 
satellite has onboard. 

GPS can provide accurate time to within nanoseconds, compared 
to the old radio signals that provided millisecond accuracy. 

Many industries use GPS timekeeping services to: 

provide a time stamp on transactional records 

keep mobile phone networks synchronised 

keep power grids synchronised 

keep digital broadcast services operating correctly, allowing 
efficient utilisation of limited radio spectrum bandwidth 
allow scientific instruments distributed over wide geographic 
areas, eg, seismometer networks utilising a common time 
reference... and for many other uses. 
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Fig.12: the arrangement of the GPS satellite constellation. 
The 24 satellites are in six equally spaced orbital planes 
and within each plane, there are four positions or “slots” 
occupied by satellites. This arrangement ensures that there 
are at least four satellites visible overhead at any point on 
the Earth’s surface at all times. 


the CDMA technique allows for low transmission power 
and resistance to jamming and interference. 


Applying time corrections 

With the PRN code enabling the identification of indi- 
vidual satellites, and with knowledge of the PRN code ex- 
pected at a particular time from that satellite in the receiver, 
it is possible to determine the offset between two matching 
segments of code and thus determine the approximate dis- 
tance to a satellite. This distance is subject to corrections 
and thus called the pseudorange. 
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ARNS : Aviation Radio Navigation Service 
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An artist’s impression of a Chinese BeiDou satellite 





A typical receiver such as a hand-held unit, smartphone 
or in-vehicle navigation system does not have an atomic 
clock due to reasons of cost, size and power consumption. 
So the receiver is not precisely synchronised with the 
clock on the satellites, leading to uncertainty in the actual 
distance to the satellites. 

The discrepancy between highly accurate clocks on 
the satellites and the less accurate clock at the receiver is 
resolved as follows. 

The receiver gets signals from multiple satellites for a 
positional fix. The spheres representing the distance to three 
satellites will always intersect at two points (one of which 
is ignored), even if the clock receiver is wrong. 

With a fourth satellite and a fourth sphere representing 
that satellite, there can only be one value of receiver time 
that satisfies the condition of the four spheres intersecting 
at one point. 


<€— Upperl-Band ————-» 


[ ] GALILEO SAR Downlink 


RNSS : Radio Navigation Satellite Service 


Fig.13: a comparison of GPS, GLONASS and Galileo frequency bands as well as some other frequency allocations. 
BeiDou is not included in this diagram. Note several areas of overlap. 
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An artist’s impression of 
the Galileo system. It is 
interoperable with GPS 

and GLONASS. 





The receiver adjusts its clock to that value, thus ensuring 
it is synchronised to the atomic clocks of the satellites. It 
must do this constantly due to the inherent inaccuracy in 
the receiver clock. 


Further corrections 


There are signal delays caused by the passage of signals 
through the ionosphere, leading to an error of about 83ns or 
25m. Passage through the troposphere leads to an additional 
7ns or 2m error. 

Other effects taken into account either on the satellite or 
user equipment are the space vehicle clock error due to bias, 
drift, ageing and group delay (the time delay as a function 
of frequency for a signal to go through the electronics of 
the satellite). 

A detailed flow chart for the process is shown in Fig.5. 
As can be seen, the process involves calculating the satel- 
lite clock bias, group delay, relativistic and other effects; 
accounting for delays due to the atmosphere and geometric 
effects and then correcting pseudorange to give the Estimated 
Range Deviation (ERD) due to these timing effects. 

But there are still more calculations that need to be made 





An artist’s impression of a QZSS satellite in orbit. 
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Number of satellites nn view:2 Number of satellites in view: 12 
GPS:10 SBAS:2 QZSS:1 GLONASS:8 GPS:10 SBAS:2 
Fig.14: an example of satellites visible from Furuno’s multi- 
GNSS receiver, compared to their GPS-only receiver. 
SBAS stands for Satellite Based Augmentation System. 


to determine the receiver position. 


Establishing the position of the satellites 


We now have explained how the pseudorange is obtained 
and how this is adjusted to get the exact propagation time 
of the radio signals from the satellite to the receiver. We 
still have not established the positions of the satellites from 
which we can determine a navigational fix, and that is the 
next task. All GNSS systems work similarly but we will look 
at GPS as an example. 

A GPS satellite transmits both an almanac (Fig.6), which 
has general positional data for all satellites in the constel- 
lation, and an ephemeris (Fig.7), which is accurate orbital 
data specific to itself. Almanac data gives information about 
what satellites are in the area of view of the receiver, so that 
it doesn’t have to spend extra time looking for satellites that 
are not visible. 

Almanac data is considered valid for about 180 days, while 
ephemeris data is valid for only about four hours. Ephemeris 
data allows the exact location ofa satellite to be established 
at a given time, and takes into account perturbations due to 
gravitational influences on the satellite from bodies such 





A ground track of one of Japan’s QZSS satellites, showing 
that most of Australia is included in its coverage area. This 
effectively adds four GPS-compatible satellites. 
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DIY GNSS Projects 


GPS modules can be purchased from the SILICON CHIP 
ONLINE SHop. If you can afford to wait, they're also available 
quite cheaply on line, for as little as $5 delivered. 

SILICON CHIP has published many projects using inexpen- 
sive GNSS modules for purposes such as clock and fre- 
quency references, or most recently as an accurate speedo 
and automatic vehicle audio volume controller (June 2019). 
See: www.siliconchip.com.au/project/gps 

Here are online articles explaining how to interface these 
modules to Arduinos, Raspberry Pis and other similar plat- 
forms. 


e To connect to a GNSS module to a PC, you need a USB/ 
serial converter. Make sure it is the correct voltage for the 
module, usually 3.3V. Note that some converters won't 
work with Windows 10; the CP2102-based modules in 
our Online Shop are relatively trouble-free. 


A popular GNSS module brand is u-blox. They make the 


VK2828U7G5LF modules sold in our ONLINE SHOP (Cat 
$C3362). They have free evaluation software that allows 
you to see many aspects of GNSS operation with their 
modules. 


See: siliconchip.com.au/link/aaym (Windows software). 
A suitable Arduino library called TinyGPS++ 


is at: siliconchip.com.au/link/aavn 

See the videos titled “Playing with GPS: Ublox Neo-7M 
and U-Center’” at: http://siliconchip.com.au/link/aavo 
and “10Hz U-blox binary GPS data in 66 lines of code 
(Arduino)” at siliconchip.com.au/link/aavp 

You can see the position of various GNSS or other satel- 
lites in the sky at: siliconchip.com.au/link/aavq 

Build a geocaching pendant as described at: 
siliconchip.com.au/link/aavr 

RTKLIB (www.rtklib.com) is an open-source program for 
high-precision GPS with low-cost devices. 

See also: http://rtkexplorer.com 





as the sun and moon. 

Ephemeris data includes the standard six Keplerian 
elements, plus ten others, to take into account minor influ- 
ences which affect the satellite’s orbit. 

The orbit of a satellite can be determined using the laws 
of physics plus minor deviations from theory due to un- 
known random forces, which are determined with ground- 
based radar, providing corrections incorporated into the 
ephemerides (the plural of ephemeris). Fig.8 shows the 
meanings of the ephemeris parameters, while Fig.9 shows 
the calculations involved. 


The coordinate system 


Once a GNSS system has established the receiver posi- 
tion, it still needs to be placed on a particular reference 
frame. The Earth is not a sphere but rather an “oblate 
spheroid” of 6,378,137m x 6,357,002m. 

Various standard reference frames have been developed 
for navigation that correctly place coordinates on the Earth’s 
true surface. 

Typically, WGS84 (World Geodetic System) is used for 
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Fig.15: a screen grab of the GPSTest App for Android 
showing satellites visible on the phone’s GNSS receiver. 
From top to bottom, the constellations are GPS, 
GLONASS, Galileo and BeiDou. 





GPS for the so-called Earth-centred, Earth-fixed (ECEF) ref- 
erence frame. In Australia, the standard reference frame for 
high precision work is the Geocentric Datum of Australia, 
GDA94 but as Australia drifts north due to tectonic plate 
movements, this is now out by 1.6m. 

GDA2020 is under development; WGS84 still gives ac- 
ceptable results for most users. 


The atomic clocks 
GNSS systems would not be possible without the use 
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Comparison of satellite navigation systems 


= 


GPS 





Country 





Number of satellites 
as of 18 June 2019 


USA 


GLONASS 


Galileo 


ee 


BeiDou 





Russia 


EU 


China 





total: 32 
31 operational 
1 in maintenance 





Altitude 


Frequencies used 


Signal encoding 


Orbital period 


Orbital regime 


Accuracy 


First in service 





20180km 


L1: 1575.42MHz 
L2: 1227.60MHz 
L3: 1381.05MHz 
L4: 1379.913MHz 
L5: 1176.45MHz 
(L1 and L2 are the 
primary frequencies, 
others are little 
used or experimental) 


CDMA 


11h 58m 
(half a sidereal day) 


6 planes in 
medium Earth orbit 


300-5000mm 


First launch: 1978 
Initial operational 
capability: December 


1993. Fully operational: 


April 1995 








total: 27 
24 operational 
1 in commissioning 
1 spare 
1 in testing 


19130km 


Modernised: 
L1: 1600.995MHz 
L2: 1248.06MHz 
L3: 1202.025MHz 
For future 
interoperability 
with other systems: 
L1: 1575.42MHz 
L3: 1207.14MHz 
L5: 1176.45MHz 


FDMA 
but moving to CDMA 


11h 15m 


3 planes separated by 120° 
8 satellites in each plane; 
satellite inclination 64.8° 


2.8-7.38m, 
next-generation 
GLONASS-K2 from 2019 
is intended to reduce 
user range error to 300mm 


Claimed fully operational 
in December 1995 but 
not globally available 
until the mid-2000s 








total: 30 
26 operational 
4 to be launched 
(3 of which are spares) 


23222km 


E1: 1575.420MHz 
E6: 1278.750MHz 
E5: 1191.795MHz 
E5a: 1176.450MHz 
E5b: 1207.140MHz 


27 operational 
satellites in 3 
planes with 56° 
inclination to the 
equatorial plane 


1m public 
10mm restricted 


Completion by end 
2020 but 
operational now 





total: 39 
33 operational 
6 non-operational 
35 to be operational 
by 2020 





21150km for medium 
Earth orbit satellites (MEO) 


B11, B1Q: 1561.098MHz 
B1C, B1A: 1575.42MHz 
B2B, B21, B2Q: 1207.14MHz 
B2a: 1176.45MHz 
B3I, B3Q, B3A: 1268.52MHz 


CDMA 


For 27 satellites in MEO: 
12h 37m 


For 2020: 
5 geostationary 
3 inclined geosynchronous 
27 Medium Earth orbit 


10m public (global) 
5m Asia Pacific region 
100mm restricted 


Completion by end 
2020 but some services 
available since 
December 2012 





of extremely accurate atomic clocks. As mentioned above, 
radio signals travel 30cm in one nanosecond, so clock 
accuracy has to be of that order or better to obtain a good 
navigational fix. 

GPS satellites have four onboard cesium and rubidium 
atomic clocks. These are kept in sync and are adjusted by 
even more accurate Earth-based atomic clocks. Typical 
accuracy of the clock on the latest GPS satellites is +4 
nanoseconds, representing about +120cm of range error. 

We published an article in the February 2014 issue which 
explained how rubidium atomic clocks work (siliconchip. 
com.au/Article/6127). 
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GNSS receiver start-up 

A receiver usually cannot get a position fix as soon as it is 
powered up. There are three distinct start-up situations which 
lead to differing power-on times before a fix can be made. 

If the receiver is brand new or hasn’t been used for a long 
time, that makes it a ‘cold start’. The receiver doesn’t know 
where it is, so it has to search for all possible satellites. 
After a satellite is acquired, it then has to download the 
almanac data for all satellites. This takes 12.5 minutes and 
gives it the approximate positions of the other satellites. 

A ‘warm start’ is where the receiver already knows the 
time within 20 seconds and its position within 100km and 
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Fig.15: an example of the free u-center evaluation software for Windows, which allows inexpensive u-blox GNSS modules 


to be tested and configured. See siliconchip.com.au/link/aavm 


has current almanac data. 

It can then find the ephemeris data for at least four satel- 
lites, which is broadcast every 30 seconds, and then get a 
positional fix, usually within a minute. 

A ‘hot start’ is where the receiver has current time, al- 
manac, ephemeris, and position to allow rapid acquisition 
of new signals, usually within a few seconds. Vehicle GPS 
systems which can be “always on” may use this system. 

Some GNSS systems used in Smartphones can sometimes 
start faster, because in addition to the GNSS location, they 
also use a database of WiFi network locations to help de- 
termine their location earlier than the GNSS signal would 
permit. 


GPS and leap seconds 

The global time standard is UTC or Coordinated Univer- 
sal Time. Since the Earth’s rotation rate varies naturally by 
a slight amount, every so often a leap second is added or 
removed to keep Univeral Coordinated Time synchronised 
with the Earth’s rotation. 

The leap second is not implemented in GPS because of 
the navigational errors and confusion this would cause. 


Mixing and matching multiple GNSS 


systems 

Many modern satnav receivers can decode GPS, Galileo, GLO- 
NASS and QZSS (Japan’s regional system) signals. An increasing 
number of devices can also decode BeiDou. 

Multi-GNSS receivers have improved performance due to the 
greater number of satellites in view, especially in urban canyons 
where the view of the sky is very limited. 

You can see what systems your Android smartphone can receive 
with the free GPSTest App. Note that QZSS, which is visible in 
most of Australia with standard GPS receivers, effectively adds 
four more satellites to the constellation 
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The difference between UTC and GPS time was zero when 
the GPS clock started on 1st January 1980, but is now 18 
seconds. 

The GPS Navigation Message broadcasts the difference 
between UTC and GPS time, so a receiver can show the 
correct UTC or local time. 


Mapping errors 

Finally, note that while a GNSS fix is generally extremely 
accurate, the maps used by navigation systems are not 
necessarily accurate. 

There have been many mishaps due to people following 
incorrect maps, only to become stranded, or in some cases, 
driven over cliffs or off the end of piers! This is, of course, 
a problem of the maps and not the GNSS system itself. 

To help ensure the most accurate possible and free maps 
the public can contribute to the production of open-source 
maps by joining the OpenStreetMap community (www. 
openstreetmap.org). 

Some maps contribute to specialised interests such as four- 
wheel-driving, mountain biking, bush walking, etc, while 
others concentrate on regular street navigation. se 


Novel wearable GPS products 


One of the more special GPSS 
products we have seen is the ‘“@& 
GPS SmartSole, a GPS unit built into 
the sole of any shoe that connects 
to the mobile phone network. It 





can be used to track loved ones 
with memory disorders. 

See: siliconchip.com.au/link/aavs 
Their tracking services are available in the USA only. 

They do not mention whether it is compatible with a shoe 
phone, so if you are hot on the heels of a KAOS agent, you had 
better do your own testing! 
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Fig.1: these curves show how the unit’s 
performance varies with signal strength. 


test tone output level, with the cyan and 
red curves showing the corresponding 
noise levels. The distance between the 


is the signal-to-noise ratio for that input 
level. The corresponding voltage at TP 


right-hand axis. Full limiting does not 


occur until the RF input reaches about 
45nV, while stereo cuts out below 30pV. 
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The blue “Audio output” curve shows the 


Audio output and mono/stereo noise level 


SIGNAL is also shown in green, using the 


This FM radio is easy to build and provides excellent performance. An 
entirely analog design, it has a sizeable internal speaker, with the ability to 
drive stereo headphones or external speakers. It can be battery 
or mains powered and is tuned with a hand-span dial. 


It looks great in its custom case, and building it is 
an excellent way to learn how FM radio works. 


to be very popular. So we’ve developed this high-quality FM Radio 

with many of the same features. That includes ease of construction, 
good looks and great performance. It takes full advantage of the high audio 
quality that FM broadcasts are capable of reproducing. And it can receive 
in stereo, too. 

It’s powered from a 9V battery (making it truly portable) or 9V DC plugpack, 
and it automatically switches from battery to the plugpack when plugged in. 
Power consumption is moderate, so a small 9V battery should last for several 
hours of listening. 

All the components mount on one double-sided PCB (printed circuit board) 
which fits into a custom-designed acrylic case with a transparent back. That’s 
so the components are protected but you can still see its workings. It has a 
large hand-span tuning dial showing the current frequency plus many of the 
available FM radio stations around Australia. 

Once built and aligned, you will have a fully functioning radio. And that’s 
something the average person with basic soldering skills can do, as long as you 
follow our instructions. Besides the usual soldering and mechanical assembly 
using screws, nuts and spacers, you just need to wind a few coils. 

This FM Radio would make a great learning aid for people studying electron- 
ics. Most modern FM receivers use one or two integrated circuits (ICs), with a 
few external components. 

However, for this design, we have opted for a more discrete approach, so that 
the major circuit blocks are all clearly separated. 

Although we have used a few ICs, each only performs one or two major 
tasks. The circuit is therefore discrete in the sense that each functional block is 
separate, and that makes it easy to understand what it does and how it works. 


QO ur “Super-7” AM Radio (November & December 2017) has proven 
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FREQUENCY AND AMPLITUDE REMAIN CONSTANT 


What is FM? 


Going back to the 
times when radio was 
discovered, there have 
been three basic meth- 
ods of encoding a radio 
frequency wave, or 
“carrier”, with infor- os acaceine 
mation. — Val ~ O MODULATION 

The first of these ~*~“. am VV ! (AM) 
is CW, or continuous 
wave. If the RF carrier 
is fixed at one particular - peeiead 
frequency and the level, (FM) 

Or amplitude, is held = et ss—s—S Sao 
constant, the only way 

that information can be conveyed is by switching the RF signal on and off. This is the 
technique used for Morse Code and other types of digital transmission, as shown in (A). 

Next to come was called amplitude modulation, or AM. Here a second signal is 
modulated, or mixed, with the radio carrier, which causes the RF signal level to vary in 
sympathy with the second signal. This makes it is possible to transmit speech, music or 
even video. This is shown in (B). 

A receiver that’s tuned to the carrier frequency can detect these changes in amplitude 
to reproduce the varying signal. But this type of encoding is quite prone to interference. 
Part of the reason for this is that the signal amplitude necessarily dips at times, and at 
these points, it can be more easily overwhelmed by interfering signals. Also, any distor- 
tion of the carrier waveform distorts the signal. 

The third method is called frequency modulation (FM). Instead of varying the carrier 
amplitude, information is conveyed by varying the carrier frequency, again in sympathy 
with the incoming speech, music or video signal. This is shown in (C). Note that the 
waveform amplitude is constant. At the receiver, the variations in carrier frequency are 
detected (or demodulated) to recover the original signal. 

Any variations in amplitude that may occur in the received signal are effectively ignored. 
Therefore, FM receivers are far less prone to interference than their AM counterparts. 

Broadcast band FM transmitters modulate the RF carrier by a maximum of 75kHz 
above and below the carrier frequency, which is typically around 100MHz. They also 
include pre-emphasis, whereby audio signals above 3.1831kHz (50us time constant) 
are boosted. These signals are subsequently restored to normal in the receiver using a 
complementary de-emphasis circuit. 

The idea behind using pre-emphasis and de-emphasis is to reduce high-frequency 
noise, which may be injected by the modulating/demodulating circuitry or by interfering 
signals. By boosting high frequencies before transmission, then cutting them after recep- 
tion, any high-frequency noise picked up along the way is also significantly attenuated. 


CONTINUOUS 
WAVE (NO 
MODULATION) 


INTERRUPTED FREQUENCY REMAINS CONSTANT 


(A) ON-OFF 
MODULATION 


FREQUENCY REMAINS CONSTANT, AMPLITUDE VARIES 


AMPLITUDE REMAINS CONSTANT, FREQUENCY VARIES. 





The radio is aligned with the aid of 
a simple 10.7MHz oscillator, which 
you can also easily build yourself. 
Along with the FM Radio construction 
details, we’ll have a project for one of 
these next month. 

Apart from that, the only other items 
required for alignment are a multime- 
ter and a plastic trimming tool. 

These days, many components are 
only available in surface-mounting 
packages. Some of those can be quite 
tricky to hand-solder. 

We have done our best to use 
mainly through-hole components in 
this Radio, but in some cases, we had 
no choice. However, those few SMDs 
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we've had to use can be soldered with- 
out too much difficulty, since they only 
have a few pins and the pins are not 
that closely spaced. 


Radio performance 

The performance of this FM Radio 
is shown in Fig.1 and described in the 
Features & Specifications panel. 

The minimum usable RF signal 
level is around 35pV, at which point 
the audio signal level is about 3dB 
down. With 100,V from the antenna, 
the mono signal-to-noise ratio is 70dB, 
which is quite good. 

The ultimate signal-to-noise ratio in 
mono is 85dB (ie, with a sufficiently 
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strong signal). Few commercial tun- 
ers would match that. The ultimate 
stereo signal-to-noise figure is 75dB, 
also very good. 

So while this is not the most sensi- 
tive FM Radio ever devised, it provides 
excellent performance on all local sta- 
tions, with good reception for signals 
up to, say, about 70km away. In fact, 
this FM Radio sounds better than all 
but the best commercial receivers (and 
probably most FM receivers made in 
the last 10 years or so). 

Before you read the description 
below of how the FM Radio works, 
you may wish to first refresh your 
knowledge of FM Radio by reading 
the explanatory panel at left. 


Block diagram 

The Super-9 Stereo FM Radio is 
based on the superheterodyne princi- 
ple. Fig.2 shows its general configura- 
tion. 

The antenna at upper left picks up 
signals in the FM band. These signals 
are fed to a bandpass filter, a parallel 
resonant circuit comprising one in- 
ductor (L1) and two capacitors. These 
heavily attenuate signals outside the 
88-108MHz FM broadcast band. 

These signals then pass to a tuned 
RF amplifier stage. This stage has a 
parallel resonant circuit that is tuned 
by inductor L2 and varicap diode VC1. 

VC1 has a capacitance that changes 
with applied voltage. By adjusting the 
applied voltage, the RF amplifier can 
be tuned to any nominal frequency 
from 88 to 108MHz. 

Therefore, it only amplifies signals 
at the desired frequency and attenu- 
ates the rest. 

The tuning voltage comes from a 
tuning potentiometer (VR1), and the 
voltage is processed in the control 
voltage circuit to provide the required 
range for VC1 to tune over the broad- 
cast band. 

Following the RF amplifier, the 
signal is fed to the mixer (Q2 & T1), 
where it is mixed with the local oscil- 
lator signal. This tracks the tuned RF 
amplifier frequency, which is achieved 
using a second varicap diode (VC2) in 
combination with inductor L3. The 
local oscillator tracks 10.7MHz below 
the tuned RF signal carrier. In other 
words, it is adjustable from 77.3MHz 
to 97.3MHz. 

So for example, if the FM Radio is 
tuned to 102.5MHz, the local oscil- 
lator will be at 91.8MHz (102.5MHz 
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Features & specifications 





TUNING FANE: ssssssrssrsrnsnsenssnes SO-108MHe (FM broadcast vand) 


50dB quieting sensitivity: wu. 20,AV 


Signal-to-noise ATO: sss @5 dB mono, 75aB stereo with 150mVv input (see Fig.1) 
vee 0.34%0 BD AkHe, 100% deviation; 0.31% D Ake, 75% deviation; 0.8% D GkHe, 75% deviation 


Distortion (mono): wa. 


Distortion (Stereo): sawn 0.77lo D AkHe, 75% deviation; 770 D GkHe, 75% deviation 


FEAUCNCY FESPONSE: ssssssssssnsen ZoHe-ZOkHe, +0,1dB with 1500 load (-24B at 2FHe with 320 load) 
Demodulator OUTPUTS srsssssseess AQOMV RMS for 100% deviation at 1kHe 


De-emphasis time constant: .. SOUS 


FLEQUENCY CAPTUPE LANGE: sssss +200kHe 
Operating Vo age FANGE: www. AAZV DC 
ww FMA ®D AV with low volume 





CULLENt CONSUMPTION: sass 


- 10.7MHz). The 10.7MHz frequency 
difference is a standard value for 
broadcast-band FM receivers. 

Tuning of this oscillator is also via 
VR1, with the control voltage for VC2 
processed in the same control voltage 
block, to provide the required tuning 
range. 

The local oscillator frequency is 
fine-tuned (to ensure the correct 
10.7MHz gap) via the automatic fre- 
quency control (AFC) signal from the 
demodulator block (described below). 
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TUNED RF 
AMPLIFIER 


(Q1, L2 & VC1) 





Fig.2: the incoming RF signal passes through a bandpass filter 
and is then fed to a tuned RF amplifier stage. The tuned signal 
is then mixed with the local oscillator signal to produce a 

10.7MHz IF signal. This is then further amplified, filtered and fed to the demodulator. A stereo decoder and amplifiers for 
the left and right channels provide stereo for headphones and mono drive for the in-built loudspeaker. 


This produces a voltage that controls 
the capacitance of varicap VC3, which 
is connected to the local oscillator. 
AFC is voltage feedback to keep the 
local oscillator in-lock with the tuned 
signal, so the FM Radio does not drift 
off station. 

This also produces a snap-in effect, 
whereby the station suddenly locks in 
as the tuning approaches the station 
frequency. 

Note that the tuned amplifier is not 
affected by AFC. However, the RF stage 


88 ——— 108MHz 


MIXER 


(Q2, T1, 47pF 
CAPACITOR) 





77.3 - 97.3MHz 


LOCAL 
OSCILLATOR 
(Q3, Q4, 13, 
4 & VC2) 


10.7MHz 





STEREO 
DECODER 


(IC 4) 





Australia’s electronics magazine 





IF AMPLIFIER 


10.7MHz a> 10.7MHz 






STEREO/MONO SWITCHING 





bandwidth is sufficiently broad that it 
does not need to track precisely with 
the local oscillator. 

Superheterodyning of the two sig- 
nals takes place in the mixer. By the 
way, the word “heterodyne” refers to 
a difference in frequency or beating 
effect, while the “super” prefix refers 
to the fact that the beat frequency is 
supersonic or ultrasonic (ie, beyond 
the range of human hearing). 

Four signals are produced as a 
result of mixing the tuned and local 
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oscillator signals. These comprise the 
two original signals and the sum and 
difference frequencies. One of these is 
@ 10.7MHz +75kHz, due to the fixed 
difference between the RF carrier and 
local oscillator. 

The mixer output is fed to a band- 
pass filtering comprising transformer 
T1 and a 47pF capacitor. This filter 
is tuned for a centre frequency of 
10.7MHz, so it rejects the other three 
signals and just keeps the 10.7MHz 
difference signal. This then passes to 
an amplifier stage, providing a gain of 
about 60 times (53dB). 

A much sharper-edged bandpass 
filter follows, which prevents signals 
passing through outside of a 280kHz 
band centred at 10.7MHz (ie, 10.7MHz 
+140kHz). 

The big advantage of producing a 
fixed frequency signal to process is 
that we now only need to provide 
further gain at one frequency, rather 


Fig.3: the FM stereo 
encoding scheme, 

with the L+R signal 
extending out to 15kHz. 
The pilot signal at 
19kHz is 10% of full 
modulation. The L-R 
signal is from 23kHz to 
38kHz (a 15kHz 
bandwidth) and also from 
38kHz to 53kHz with the 
38kHz carrier suppressed 
(ie, not transmitted). 
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than for the whole 20MHz broadcast 
band range, which would require 
complicated tracking filters. 

The amplifier, limiter and demod- 
ulator block includes a three-stage 
amplifier for this IF signal, to ensure 
that this signal is driven into limiting. 
Limiting 

Limiting is where the amplifica- 
tion factor is so high that the signal is 
clipped to the same level, even with 
a greatly varying input signal level. 

This is done to eliminate any am- 
plitude variations in the tuned signal 
before it is fed into the demodulator. 
This is one of the factors that enables 
FM tuners to reject atmospheric and 
electronic noise that mainly affects RF 
signal amplitude. 

The amplifier, limiter and demod- 
ulator block also provides the AFC 
signal (mentioned above) and the 
audio signal output. This is obtained 
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This page and 
opposite: front and rear views 


of the complete FM receiver, before it is 
mounted in its Acrylic case. Everything mounts on 
this single PCB - but note that these shots are of an early 
prototype, hence a few “stray” components which are taken care of 
on the finished PCB. (Production PCBs will be black to highlight the dial markings). 


using a quadrature detector compris- 
ing inductor L5 in series with a tuned 
circuit with variable inductor L6 and 
a parallel capacitor. 

This tuned circuit is adjusted to 
resonate at 10.7MHz. The inductor 
produces a fixed 90° phase shift while 
the tuned circuit provides an addi- 
tional leading or lagging phase shift 
with frequency. A mix of these signals 
then produces a varying voltage that 
is the audio output. 


Stereo decoding 


Most FM radio stations broadcast in 
stereo for separate left (L) and right (R) 
channels. This is done by encoding the 
sum (L+R) and difference (L—R) signals 
in the FM transmission using a 38kHz 
subcarrier. This is shown in Fig.3. 

For mono reception, just the L+R 
signal is used. Since the left and right 
channels are the same for a mono 
signal, the L+R will be the same as 2L. 

For stereo reception, the left channel 
is derived as the sum of L+R and L-R 
(giving 2L) and the right channel is the 
difference of L+R and L-R (giving 2R). 

The left and right channels are 
decoded using a 19kHz pilot signal, 
which is exactly half the frequency of 
the 38kHz suppressed subcarrier. The 
phase of the pilot signal allows the left 
and right sum and difference signals 
to be decoded. 

Fig.3 shows the FM stereo encoding 
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with the L+R signal extending out to 
15kHz. The pilot signal at 19kHz is 
just 10% of the full modulation. The 
L-R signal is from 23kHz to 38kHz 
(a 15kHz bandwidth) and also from 
38kHz to 53kHz with the 38kHz carrier 
suppressed (not transmitted). 

The audio signal is processed in 
the stereo decoder (IC4) that separates 
the audio into left and right chan- 
nels. This also includes the necessary 
50yus de-emphasis to compensate for 
the pre-emphasis in the transmitted 
signal. Amplifiers IC5 and IC6 pro- 
vide the stereo signal output to drive 
headphones. 

Stereo decoding occurs only when 
headphones are connected — switch 
contacts within the headphone socket 
control whether there is stereo or mono 
output from IC4. Without the head- 
phones connected, the sound is from 
the single loudspeaker in the Radio, so 
reception is in mono. Audio amplifier 
IC5 drives the loudspeaker. 


Circuit details 


Refer now to Fig.4 (overleaf) for 
the full circuit of the Super-9 Stereo 
FM Radio. Its main components are 
dual-gate Mosfets Q1 and Q2, high-fre- 
quency transistor Q3, video amplifier 
IC2, amplifier/limiter/demodulator 
IC3, stereo demodulator IC4 and audio 
amplifiers IC5 and IC6. 

The function of each stage is shown 
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on the circuit, and each stage can be 
directly related to the block diagram 
(Fig.2). 

Starting at the antenna, the incoming 
RF signal is coupled to the junction of 
two capacitors (39pF & 47pF) which, 
together with parallel inductor L1, form 
the input bandpass filter. A 1kQ resistor 
is included in parallel with L1 to reduce 
the filter Q, so that it covers the entire 
FM band without adjustment. 

This input filter helps to prevent 
signals with frequencies outside the 
FM band from entering the circuit 
and possibly overloading the follow- 
ing stages. 

Following the input filter, the RF sig- 


Scope1 shows 

the sinewave 
output of the 
local oscillator, 
as measured at 
TP1. This is low 
in distortion (low 
in harmonics) to 
improve image 
rejection. It also 
has low frequency 
jitter so that noise 
is not produced 
in the audio 
signal after FM 
demodulation. 
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nal is fed via ferrite bead FB1 to one gate 
(G1) of dual-gate Mosfet Q1. Q1 operates 
in a common-source configuration. Its 
quiescent current is set by the 330Q 
source resistor, bypassed by a 10nF 
capacitor to ensure maximum AC gain. 

The gain is set to a high value by 
biasing G2 above its cut-off voltage, 
at around 4.5V, by the two 10kQ bias 
resistors connected in series across 
the 9V supply. 

Q1’s drain load is a portion of coil 
L2, which ultimately connects to the 
9V supply. The junction of L2 and the 
47Q decoupling resistor is bypassed 
by a 10nF capacitor. As a result, L2 is 
effectively grounded at this point, as 
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ANTENNA 





*VR1 HAS 
RANGE 


far as RF signals are concerned. 

The full L2 coil is tuned using the 
220pF capacitor connected in series 
with varicap diode VC1. The 220pF 
capacitor reduces the tuning capaci- 
tance adjustment range to 88-108MHz. 
This capacitor also prevents DC volt- 
age from reaching the anode (A1) from 
L2. The anode is then grounded via a 
68kQ resistor so that its DC bias is OV. 

We’re using a dual varicap diode 
to minimise signal excursions from 
modulating the overall total capaci- 
tance of the varicap VC1. 

So if one of the varicap diodes has 
signal across it that reduces its ca- 
pacitance, the opposite varicap diode 
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Fig.4: each stage in the circuit of the Super-9 Stereo FM Radio 
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is labelled and can be related to the block diagram, Fig.2. 
Dual-gate Mosfet Q1 forms the heart of the tuned RF amplifier, while Q2 is the mixer and Q3 the local oscillator. IC2 
and IC3 form the IF amplifier stages while L6 and associated resistor and capacitor form the quadrature detector for 
1C3, in conjunction with L5. Varicap diode VC3 provides Automatic Frequency Control for the local oscillator and is 


connected in reverse will have a signal 
that increases its capacitance. So these 
effects cancel out. 

Tuning is via adjustment of poten- 
tiometer VR1. This would normally 
have an adjustment range of 0-5V, over 
a travel of 300°. 

A mechanical stopper is used to re- 
strict the travel range to 180°, so it has 
a usable voltage range of 1-4V. 

Op amp IC1ib amplifies this volt- 
age. When calibration trimpot VR2 is 
set for minimum resistance between 
pins 6 and 7 of IC1b, IC1b’s output 
range is 1-4V. 

With VR2 set for the maximum 
10kQ resistance between these pins, 
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controlled from IC3’s AFC voltage output. 


the amplification is 1.5 times (10kQ + 
20kQ + 1), giving an output range of 
1.5-6V. VR2 can be set to an intermedi- 
ate position for a gain value between 
1.0 and 1.5. 

VR2 is used to adjust the upper tun- 
ing frequency to 108MHz when VR1 is 
set for the maximum 4V at its wiper. 
The lower 88MHz tuning frequency 
(with VR1’s wiper at 1V) is adjusted 
by manipulating the inductance of 
coil L2, by slightly compressing or 
expanding it. 

The tuning voltage from the pin 7 
output of IC1b is reduced by a factor 
of two using a voltage divider compris- 
ing two 4.7kQ resistors. This voltage 


siliconchip.com.au 











LEFT AUDIO 


+5V 
3.3kQ 
VOLUME 
VR6 


10ka 
UN 


3.3kQ 


BF992S 


BB1 
» G2(3)> 


S(1) 


LEDS 
, J 
A 


is then filtered by a 10nF capacitor 
and applied to the common cathode 
of varicap diode VC1 via a 68kQ resis- 
tor. The resistor is included to provide 
a high resistance to the capacitor, so 
that the resonance of the tuned circuit 
is not loaded. 


Local oscillator 


NPN transistor Q3 and its associated 
components make up the local oscilla- 
tor. Its base is DC biased to about 4.5V 
by the two 10kQ resistors connected 
across the 9V supply and by its 5600 
emitter resistor. The collector load is 
L4 to its series 47Q resistor to 9V, with 
the junction of the two bypassed to 
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ground by a 10nF capacitor. 

Q3’s base is also connected to a 
tuned circuit comprising inductor 
L3 and varicap diode VC2. The other 
end of L3 is connected to ground via 
a 10nF AC-coupling capacitor, so that 
the DC biasing of Q3’s base is not af- 
fected by L3. 

Similarly, a 220pF capacitor be- 
tween Q3’s base and the anode of VC2 
isolates the base DC voltage from the 
varicap diode and reduces the overall 
capacitance variation for the tuned 
circuit from the varicap, as for the 
tuned RF amplifier. A 68kQ resistor 
from the anode of VC2 to ground sets 
its DC bias to OV. We are using a dual 
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varicap here for the same reasons as 
described above. 

The oscillation frequency is deter- 
mined by L3’s inductance and VC2’s 
capacitance. Oscillation is caused by 
feedback between L4 and L3. These 
are mounted adjacent to each other 
to provide some magnetic coupling 
between them. 

This type of oscillator is known as 
an “Armstrong” or “Meissner” oscil- 
lator, after the original developers of 
the configuration. It’s also sometimes 
called a tickler oscillator due to the 
‘tickler’ coil L4 exciting the tuned cir- 
cuit incorporating L3. 

Transistor Q4 is a buffer connected in 
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an emitter follower configuration. This 
provides a test point at the emitter (TP1) 
for frequency measurement. Without 
Q4, an oscilloscope probe or frequency 
meter connected to the emitter of Q3 
would alter the oscillation frequency. 

Scope1 shows the sinewave output of 
the local oscillator, as measured at TP1. 

Automatic Frequency Control is 
provided for the local oscillator using 
varicap VC3, which is coupled to the 
L3 tuned circuit via a 2.2pF capacitor. 

A single varicap diode is used since 
the signal level is very low across it, so 
the signal does not affect its capacitance 
very much. Its control voltage is derived 
from the tuning voltage produced by 
IC3, which will be described later. 

The local oscillator is also tuned us- 
ing VR1. Op amp [C1a provides ampli- 
fication of the voltage from VR1’s wiper, 
adjusted using VR3. The resulting tun- 
ing voltage is applied to the common 
cathode of varicap diode VC2 viaa 68kQ 
resistor, similarly as for VC1. 

VR3 is used to set the upper lo- 
cal oscillator frequency to 97.3MHz 
when VR1’s wiper is at 4V. The lower 
77.3MHz setting (with VR1’s wiper 
at 1V) is made by compressing L3’s 
windings slightly for a lower frequency 
or expanding it for a higher frequency. 


Mixer stage 

The output from the local oscillator 
at Q4’s emitter is coupled via a 4.7pF 
capacitor to one gate (G2) of dual-gate 
Mosfet Q2. The 4.7pF and 330pF 
capacitors form a capacitive voltage 
divider, greatly reducing the local oscil- 
lator voltage applied to Q2, so as not to 
overload the mixer. 

Mosfet Q2 functions as the mixer 
stage. It mixes the local oscillator sig- 
nal with the tuned RF signal fed via a 
220pF capacitor and FB2, to its other 
gate input (G1). The bias for G2 is set to 
about 4.77V by two 10kQ resistors and 
the 3300 resistor from Q2’s source to 
ground, while G1 is biased to OV by a 
470kQ resistor. FB2 prevents parasitic 
oscillation in Q2. 

Q2’s drain load is a tuned circuit, 
peaked at 10.7MHz using a 47pF ca- 
pacitor and an adjustable ferrite-cored 
inductor which is the primary of IF 
transformer T1 (between pins 1 & 2). 
Since the pin 2 end of the primary is 
grounded for radio frequencies via a 
10nF capacitor, the winding is effec- 
tively connected in parallel with the 
47pF capacitor. 

As a result of this tuning, Q2 oper- 
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ates as a very efficient amplifier over 
a narrow band centred on 10.7MHz. 
Frequencies outside the wanted band 
(including the original RF signal, the 
local oscillator signal and the sum 
of these) are rejected. It is only the 
10.7MHz difference signal that appears 
at the secondary of T1. 


Further gain 

The secondary winding of T1 (pins 3 
& 4) couples the signal to the differential 
inputs (pins 1 & 8) of video amplifier 
IC2. Its inputs are DC-biased at half sup- 
ply via a 10kQ/10kQ resistive divider 
across the 9V supply, with a 10nF filter 
capacitor to reject noise. The 100 resist- 
ance between pin 2 and 7 of IC2 sets its 
gain to around 400 times (52dB). 


Ceramic filter 

The output of amplifier IC2 is fed to 
ceramic filter XF1 via a 330Q resistor. 
This resistor provides the 330Q source 
impedance required for the filter to 
work as designed. The filter output 
feeds into another 330Q. load resistor, 
again required for impedance matching. 

XF1 provides further rejection of 
unwanted signals outside the 10.7MHz 
+75kHz IF range. It is a bandpass filter 
with a 10.7MHz centre frequency and 
a 280kHz bandwidth. The filtered 
signal then goes to input pin 1 of IC3, 
the amplifier/limiter/detector. This is 
a part specially designed for FM radio 
decoding. 

It includes a three-stage IF amplifier 
and limiter, quadrature detector and an 
audio amplifier with a squelch feature. 
Squelch switches the output off if the 
signal level is so low that the output is 
just noise. 

IC3 also has a signal strength meter- 
ing output at pin 13 and an automatic 
frequency control (AFC) output at pin 
7. The voltage at pin 7 varies above or 
below the 5V reference voltage output 
at pin 10, depending on whether the 
signal frequency fed into pin 1 is above 
or below 10.7MHz. 

The 5V reference voltage is applied 
to the anode of VC3 for the local oscil- 
lator via a 47kQ isolation resistor. The 
AFC output is divided by two using a 
47kQ/47kQ voltage divider, and this 
becomes the anode voltage for VC3. So 
when the tuning is spot on, VC3’s anode 
is at 2.5V. If it starts to drift off station, 
the AFC voltage will change, causing 
VC3’s capacitance to change, bringing 
the local oscillator back into tune. 

The quadrature components needed 
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for demodulation comprise a fixed 
22H inductor (L5), variable inductor 
(L6) and the associated 100pF capacitor 
and 3.9kQ resistor. See the panel for an 
explanation on how IC3 and quadrature 
demodulation work. 

L6 is adjusted to resonate at 10.7 MHz 
with the 100pF capacitor. The 3.9kQ 
resistor lowers the Q of the tuned circuit 
to provide a linear voltage variation 
with frequency, over the frequency 
range of the FM signal. 


Stereo decoding 

The audio signal from the demod- 
ulator is fed to input pin 2 of the 
MC1310P stereo demodulator, IC4, via 
a 2.2uF coupling capacitor. IC4 decodes 
the left and right channel information 
included in the transmitted FM signal. 
It also provides the required 50ps de- 
emphasis (in both mono and stereo 
modes), rolling off the audio frequency 
response above 3.18kHz. 

The panel overleaf describes how the 
stereo signal is recovered. 

The de-emphasised audio outputs are 
from pin 4 for the left channel and pin 5 
for the right channel. The 3.3kQ resistor 
and 15nF capacitor at each output set 
the required 50us time constant (3.3kOQ 
x 15nF = 49.5ps). 

The resulting left and right channel 
audio signals go to integrated amplifiers 
IC5 and IC6 respectively. These are used 
to drive the headphones in stereo mode, 
via 220pF electrolytic capacitors which 
remove the DC bias that’s present at the 
amplifier outputs. 

When the headphones are not con- 
nected, the IC5 drives the loudspeaker 
ina bridge-tied load (BTL) arrangement. 
So when pin 8 provides a positive sig- 
nal swing, the pin 5 output provides a 
negative signal swing and vice versa. 

The result is that the loudspeaker is 
driven with more voltage and hence 
the amplifier provides more power (up 
to four times as much), compared to if 
only a single output from the amplifier 
were used. 

When driving the loudspeaker, we 
want IC4 to produce a mono signal so 
that the speaker reproduces a mix of 
both the left and right channels (assum- 
ing reception is in stereo). But when the 
headphones are connected, we want the 
speaker to be switched off and IC4 to 
provide stereo so that each headphone 
driver receives a different signal. 

Also, the headphones can only be 
driven in single-ended mode rather 
than BTL mode, because they share a 
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common ground connection. This is 
because typical headphones connec- 
tors such as TRS types only have three 
contacts: one for the left signal, one for 
the right signal, and a common ground. 

The LM4865 amplifier ICs we’re us- 
ing have a clever solution to this. Pin 
3 selects whether the output is single- 
ended or BTL. The switching contact 
for the tip connection in the headphone 
socket goes to pin 3 of IC5 but is also 
tied to +5V via a 100kQ resistor. 

With the headphones not plugged 
in, the 150Q resistor pulls pin 3 below 





How the CA3089 demodulator works 


50mV, and this sets IC5 in the BTL mode 
for driving the speaker. 

Pin 3 of IC5 is also applied to the 
gate of Mosfet Q5. Since this voltage 
will be low, Q5 is off and so the second 
Mosfet (Q6) has its gate pulled to 5V by 
a 100kQ resistor. With Q6 switched on, 
it pulls pin 8 of IC4 to ground and this 
disables stereo decoding. IC5 therefore 
drives the speaker in mono. 

When headphones are plugged in, the 
switch contact in the headphone socket 
opens and pin 3 of IC5 is pulled to 5V 
via the 100kQ resistor. This changes IC5 


to single-ended operation, with output 
pin 8 floating. 

This prevents the speaker from being 
driven. Only pin 5 is driven, and this 
powers the left headphone channel. At 
the same time, the gate of Mosfet Q5 
goes high, switching it on and pulling 
the gate of Q6 low. So Q6 switches off 
and allows the voltage at pin 8 of IC4 to 
rise, enabling stereo decoding. 

IC6 is always used as a single-ended 
amplifier, as its pin 3 is held high (5V) 
via a 100kQ resistor. That’s because 
this IC is only used to drive the right 














The block diagram of the CA3089 IC, extracted from its data 
sheet, is shown at bottom. The incoming signal passes through 
three separate balanced amplification stages, each with its own 
level detector. The level detector output currents are summed 
and fed to pin 13, allowing the signal level to be measured. Once 
the signal enters limiting, that current reaches a maximum value. 

The output of the last amplifier is fed to the quadrature de- 
tector, which converts the frequency deviation in the signal to 
a varying output voltage, recovering the audio signal. The way 
this demodulator works is shown below. 
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The external RLC network (shown above as two capacitors, 
an inductor and a resistor) is designed to produce a 90° phase 
shift at the intermediate frequency; in this case, 10.7MHz. The 
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original and phase-shifted signals are then fed into a mixer, 
followed by a low-pass filter. This arrangement effectively acts 
as a phase detector, producing a voltage proportional to the 
phase difference. 

The reason that this works as a demodulator is that the phase 
shift of the RLC network varies slightly with signal frequency; 
it will be a bit less than 90° at frequencies below 10.7MHz and 
a bit more than 90° at frequencies above 10.7MHz. Therefore, 
the output voltage of the phase detector tracks the frequency 
deviation of the incoming signal. 

The phase shift is not exactly linearly proportional to frequency 
variation; however, the frequency variation is a small percentage 
of the carrier (+75kHz compared to 10.7MHz, or about 0.75%). 

The middle section of the frequency/phase curve is sub- 
stantially linear, so this type of demodulator has very good 
performance. Distortion levels as low as 0.1% are possible 
with a well-designed and tuned reactive network. As shown in 
the spec panel, distortion is often a little lower for less than full 
deviation, because the demodulator is operating over a more 
linear part of the curve. 

For more details on its operation, see the CA3089 data sheet, 
which can be downloaded from: siliconchip.com.au/link/aav7 
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8 M3 flat washers 
24 M3 hex nuts 
18 PC stakes 


1 300mm length of 0.8mm diameter enamelled copper wire (for 


L1-L4) 


1 1m length of 0.25mm diameter enamelled copper wire (for T1 & L6) 
1 80mm length of 0.71mm diameter tinned copper wire 
1 40mm length of light-duty figure-8 cable 


Coils & ferrites 


2 Neosid M99-076-96 K3 transformer assemblies (T1,L6) 
(M76-403-95 Former K + M76-404-95 Can K + 76-409-95 
Ferrite Cup Core $3/K3 + M76-410-95 Screw Core K3/F16) 
[SILICON CHIP ONLINE SHOP Cat SC5205; two required] 

2 RFI suppression beads, Philips 4330 030 3218 2 (FB1,FB2) 
[Jaycar LF1250, Altronics L5250A] 


1 22uH RF inductor (L5) 


: Parts for IF alignment oscillator (to be described next month) 
: 1 single-sided PCB, code 06109182, 52 x 30.5mm H 
: 1 Murata SFECF10M7FA00 10.7MHz ceramic filter (XF2) 

: — [Digi-key, Mouser, RS components] 

: 1 74HCOON high-speed CMOS quad NAND gate, DIP-14 (1C7) 

: 1 1N5819 40V 1A schottky diode (D1) 


: 4 PC stakes 
: Capacitors 


: 1 100nF MKT polyester capacitor 


: 2 10nF ceramic capacitor 
: 1 330pF ceramic capacitor 


: 1 8.2pF COG/NPO ceramic capacitor 


: Resistors (all 0.25W 1%) 


:11MQ 1330Q 22700 
: 1 1kQ horizontal trimpot (code 102) (VR7) 
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Parts list -Super 9 FM Receiver 

1 double-sided PCB coded 06109181, 313 x 142.5mm 

2 shield PCBs coded 06109183, 13 x 35.5mm 

1 antenna mount extender PCB coded 06109184, 7.6 x 27mm 

1 pot travel stopper PCB coded 06109185, 23 x 26mm 

1 set of laser-cut acrylic case and dial pieces 
[SILICON CHIP ONLINE SHOP Cat SC5166] 

1 1.1m telescopic antenna [SILICON CHIP ONLINE SHOP 
Cat SC5163, Banggood Cat 1108129] 

1 125mm (5-inch) 4Q loudspeaker [Jaycar AS-3007] 

1 Murata SFECF10M7FA00 10.7MHz ceramic filter (XF1) 
[Digi-key, Mouser, RS components] 

1 DPDT push-on/push-off switch ($1) [Altronics $1510] 

1 round knob for switch $1 [Altronics H6651] 

1 20mm diameter knob for VR6 [Jaycar HK7786] 

1 32mm diameter knob for VR1 [Jaycar HK7741] 

1 2.1mm or 2.5mm inner diameter PCB-mount DC socket (CON1) 
[Altronics P0621/P0621A, Jaycar PS0519/PS0520] 

1 6.35mm stereo switched jack socket (CON2) [Jaycar PS0190] 

1 9V DC 250mA+ plugpack and/or 9V alkaline battery 

1 9V PCB battery holder [Altronics $5048, Jaycar PH9235] 

1 2-way polarised pin header, 2.54mm spacing (CON3) 

1 2-way polarised plug to suit CON3 

8 M3 x 15mm machine screws 

8 M3 x 10mm machine screws 

4 M3 x 15mm Nylon or polycarbonate machine screws 

3 No.4 x 6mm self-tapping screws (for battery holder) 

4 25mm long M3-tapped spacers 

415mm long M3-tapped spacers 





Semiconductors 


1 LMC6482AIN dual CMOS op amp, DIP-8 (IC1) [Jaycar Cat 


713482] 


1 NE592D8R2G video amplifier, SOIC-8 (IC2) [Digi-key, 
Mouser, RS Components] 
1 CA3089E FM IF amplifier and demodulator, DIP-16 (IC3) 





[SILICON CHIP ONLINE SHOP Cat SC5164] 
1 MC1310P FM stereo decoder, DIP-14 (IC4) 
[SILICON CHIP ONLINE SHOP Cat SC4683] 


2 LM4865MX/NOPB power amplifiers, SOIC-8 (1C5,1C6) 


[Digi-key, Mouser, RS Components] 


2 BF992 dual gate N-Channel depletion mode Mosfets, 
SOT-143B (Q1,Q2) [SILICON CHIP ONLINE SHOP Cat SC5165, 
Mouser 771-BF992-T/R, RS Components 626-2484] 

2 30C02CH-TL-E NPN VHF transistors, SOT-23 (Q3,Q4) 


[Digi-key, Mouser, RS Components] 


1 SUP53P06-20 P-channel Mosfet, TO-220 (Q7) [Jaycar 


272464] 


2 2N7000 N-channel Mosfets, TO-92 (Q5,Q6) [Jaycar ZT2400, 


Altronics 21555] 


2 BB207 dual varicap diodes, SOT-23 (VC1,VC2) [Digi-key, 
Mouser, RS Components] 
1 BB156 varicap diode, SOD-323 (VC3) [Digi-key, Mouser, RS 


Components] 
1 7805 5V regulator (REG1) 


1 15V 1W zener diode (ZD1) [eg, 1N4744] 


2 3mm LEDs (LED1,LED2) 


Capacitors 

2 220uF 16V PC electrolytic 
2 100uF 16V PC electrolytic 
2 10yF 16V PC electrolytic 
1 2.2uF 16V PC electrolytic 
7 1pF 16V PC electrolytic 

1 470nF MKT polyester 

2 220nF MKT polyester 

3 100nF MKT polyester 

1 47nF MKT polyester 

2 22nF ceramic 

2 15nF MKT polyester 

15 10nF ceramic 

1 470pF ceramic 

1 330pF ceramic 

3 220pF ceramic 

1 100pF COG/NPO ceramic 
2 47pF COG/NPO ceramic 

1 39pF COG/NPO ceramic 

1 4.7pF COG/NPO ceramic 
1 2.2pF COG/NPO ceramic 


Resistors (all 0.25W, 1%) 


11MQ 1470kKQ = 1120kQ 4100kKQ 468kQ 347kO 
1338kQ 220kKQ 1 16kQ 


13.9kQ 43.3kQ 31kO 


21502 3470 1100 

2 Alpha 16mm 10kQ linear taper potentiometers with 6.35mm 
D-shaft, 23.5mm long (VR1,VR6) [Jaycar RP7610] 

1 10kQ miniature horizontal trimpot (code 103) (VR2) 

1 10kQ multi-turn top adjust trimpot (code 103) (VR3) 

1 500kQ miniature horizontal trimpot (code 504) (VR4) 

1 5kQ miniature horizontal trimpot (code 502) (VR5) 

1 100kQ miniature horizontal trimpot (code 104) (VR7) 
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Capacitor Codes: 
470n, 0.47 or 474 
220n , 0.22 or 224 
700n, 0.1, or 104 
47n, 0.047 or 473 
22n, 0.022 or 223 
15n, 0.015 or 153 
10n , 0.01 or 153 
470p or 471 

8330p or 331 

220p or 221 

1700p or 101 

47p or 47 

39p or 39 

4.7p or 4p7 

2.2p or 2p2 


13 10kQ 15.1kQ 44.7kOQ 
15602 14700 43300 
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How the MC1310P stereo decoder IC works 


MIXER 


[> [ee aN 
LOWPASS 
FILTER 


$e MONO/STEREO OUTPUTS 


Shown above is the internal block 
diagram of the MC1310, based on what 
is shown and described in the data sheet. 
The 76kHz oscillator at top middle has its 
frequency set via an external capacitor and 
resistor, which is usually connected in series 
with a trimpot to fine-tune its frequency. 


headphone channel. 

IC4 has astereo LED indicator (LED2) 
driven by pin 6, showing when IC4 is 
decoding in stereo. Stereo is available 
when a stereo jack plug is inserted into 
CON2, and there is sufficient signal 
level in the received radio signal for 
stereo decoding. All Australian FM 
stations broadcast in stereo. 

VR6 is the volume control, which 
controls the gain of both amplifiers, IC5 
and IC6. Padding resistors set its wiper 
to product a voltage range of 0.8-3.4V. 

Balance control potentiometer VR7 
alters the voltage applied between 
the pin 4 volume control inputs of 
IC5 and IC6, so that when it is rotated 
off-centre, one amplifier (left or right) 
delivers more signal. 

The maximum volume control 
signal of 3.4V prevents excessive vol- 
ume from the headphones and also 
prevent the loudspeaker from being 
over-driven. 


Power supply 

The FM Radio is powered either 
from a standard 9V battery or 9V DC 
plugpack. CON1 provides switching 
so that when the DC power plug is in- 
serted, the 9V battery is disconnected. 

Switch S1 interrupts power from 
both sources, to allow the FM Radio 
to be switched on and off. 

Mosfet Q7 is included for reverse 
polarity protection. It will not con- 
duct current if the supply polarity is 
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The 76kHz output is divided by two to get 
38kHz, then again divided by two by a circuit 
that incorporates a phase shift, to obtain a 
19kHz signal that’s 90° out of phase with 
the 38kHz signal. This is fed to the mixer at 
upper left, where it’s mixed with the incoming 
signal, then fed to a low-pass filter, then to 





reversed, but unlike a diode, it has a 
very small voltage drop when it is in 
conduction. 

If the supply polarity is correct, the 
gate of Q7 will be lower than its source, 
and so the Mosfet switches on. ZD1 
protects the gate from over-voltage. 
LED1 lights up as a power indicator. 

Linear regulator REG1 derives a 






Qty Value 
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Resistor Colour Codes 
4-Band Code (1%) 


Ly 1 1MQ brown black green brown 
L} 1 470kQ _ yellow violet yellow brown 
Ly} 1 120kQ brown red yellow brown 
LJ) 4 100kQ brown black yellow brown 
L} 4 68kQ blue grey orange brown 
(Ly) 3 47kQ yellow violet orange brown 
L} 1 33kQ Orange orange orange brown 
Ly 2 20kQ red black orange brown 

CL} 1 16kQ brown blue orange brown 
LJ} 13 10kQ brown black orange brown 
L} 1  5.1kQ — green brown red brown 
(y) 4 4.7kQ yellow violet red brown 

L} 1 3.9kQ orange white red brown 
[} 4 3.3kQ orange orange red brown 
L} 3 1kQ brown black red brown 

L} 1 560Q green blue brown brown 
Ly 1 470Q yellow violet brown brown 
L} 4 3300 Orange orange brown brown 
Ly 2 150 brown green brown brown 
Lj 3 47Q yellow violet black brown 
Ey Wl 10Q brown black black brown 


a level detector to produce a DC voltage 
proportional to the difference product. 

The resulting voltage indicates the phase 
relationship between the 19kHz pilot tone 
and the oscillator, allowing the oscillator to 
be phase-locked with the pilot tone. 

A second divider produces a 19kHz 
signal that’s in-phase with the oscillator, 
which is fed to a second mixer. Its output 
then goes to a low-pass filter and then a 
trigger, which is activated when a 19kHz 
pilot tone is present, and the oscillator 
phase is locked to it. This then activates 
the external stereo indicator, along with 
the stereo switch, which admits the 38kHz 
signal to the stereo decoder. 

When that signal is present, the de- 
coder recovers the L-R signal and then 
combines it with the L+R signal to recover 
the left and right channel audio, which 
is sent to the outputs. In the absence 
of the 38kHz signal, the decoder feeds 
the (L+R) mono signal to both outputs. 


5V supply for amplifiers IC5 and IC6 
from the incoming 9V, as they require, 
and also supplies the tuning reference 
voltage for VR1. 

That completes the FM Radio cir- 
cuit description. Next month, we will 
complete the project with full details 
on its construction and alignment and 
fitting it in its case. st 





5-Band Code (1%) 


brown black black yellow brown 
yellow violet black orange brown 
brown red black orange brown 
brown black black orange brown 
blue grey black red brown 
yellow violet black red brown 
orange orange black red brown 
red black black red brown 
brown blue black red brown 
brown black black red brown 
green brown black brown brown 
yellow violet black brown brown 
orange white black brown brown 
Orange orange black brown brown 
brown black black brown brown 
green blue black black brown 
yellow violet black black brown 
orange orange black black brown 
brown green black black brown 
yellow violet black gold brown 
brown black black gold brown 
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Expander Modules 


Sometimes, when working with microcontrollers, you just don’t have 
Datel tle lam oliat-m comeloM i at-lmal-t-co(-m CoM ol-Melelal-mm Cole Murlie ltl mar-\V(-Mcir-laccve mT amtal-) 
Ke [-¥- Mo) Jina) ol(-Mo(--J(elsmeleim-lcclmmolU lire Mell Mm Uir-lm elem ar-(e Mm ce)celeltclamexeiii= 
crucial features. Uh oh! It can be a lot of work to change to a bigger, more 
expensive microcontroller, possibly involving learning some new soldering 
or programming skills. But there’s another way out of this pickle. 


f you’ve been working with micro- 

controllers for long, you’ve almost 
certainly run into the situation where 
you don’t have enough I/O pins to do 
what you need to. Or you’ve known in 
advance that you don’t have enough 
pins, but for whatever reason, you 
don’t want to switch to a bigger part. 
It can be a conundrum. 

The ideal solution is to use an I/O 
expander module. In this article, we 
describe three different expander mod- 
ules. They are all controlled over an 
IC serial bus, so at worst, they take 
up two pins on your micro. If you’re 
already using the I?C bus for other 
purposes, they won’t use up any more 
pins at all. 

That’s the great thing about I?C; the 
addressing scheme means that over 
100 devices can be controlled by just 
two lines. Many microcontroller plat- 
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forms (including Arduino and Micro- 
mite BASIC) include native support 
for IC. 

And all three of the modules we 
present have the option to change the 
device address, so multiple expanders 
can be connected using the same bus. 
I/O pin counts in the hundreds are 
easily achievable by using enough of 
these modules. 

The three modules we describe here 
have a variety of different features, so 
they have different strengths. We’ll 
describe them according to the IC that 
they are based around; in each case, 
the IC data sheet is a great resource to 
help you fully understand each mod- 
ule’s capabilities and quirks. 

While it’s possible to use the bare 
ICs in your designs, they are all quite 
small, so by using a module, you not 
only save the effort of having to solder 
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them, you also get all the other neces- 
sary support components along with 
handy headers to make connecting to 
other devices a cinch. 


Expander 1: PCA9685 module 

This module provides up to 16 
pulse-width modulated (PWM) or 
standard digital outputs, which can 
be used for various purposes includ- 
ing controlling LED brightness or step- 
per motors. 

The PCA9685 module measures 
63 x 25mm and features two six-way 
headers for control, plus 12 three-way 
I/O headers arranged in groups of four. 
There’s also a two-way screw terminal 
for power and six pairs of pads which 
can be bridged to change the IC’s IC 
address. 

The original version of this board 
was designed by the Adafruit com- 
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MODULE 
(°C ADDRESS 


LED14/PWM14 
LED13/PWM13) 





PCASG8S-BASED 16 X 12-BIT PWM EXPANSION MODULE 


Fig.1: the circuit of the PCA9685 module as designed by Adafruit. Some variants/clones use different resistor values 
(eg, 120Q instead of 470Q, meaning the power LED is very bright) or omit the reverse polarity protection Mosfet or the 


electrolytic bypass capacitor. 


pany, but has been cloned and is also 
available from several different online 
stores too. The circuit diagram of the 
original Adafruit version is shown in 
Fig.1. 

We sourced a few variants of this 
board, and found that there were a few 
variations, including one that omit- 
ted the reverse polarity protection 
and one that used different resistor 
values. Another lacked the bypass ca- 
pacitor. But they all did pretty much 
the same job. 


The PCA9685 IC 


This IC is manufactured by NXP, 
and the data sheet can be found at: 
siliconchip.com.au/link/aas} 

It runs from 2.3-5.5V, so can work 
with both 5V Arduinos and 3.3V Mi- 
cromites, as well as the increasing 
number of 3.3V Arduinos. 
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It comes in a 28-pin SSOP or QFN 
package (both SMD). While it’s pos- 
sible to hand-solder chips this small, 
we find it easier to use the module if 
we have enough space to mount it. 

While originally intended to be a 
LED PWM driver, Adafruit sells their 
PCA9685 board as a servo motor driv- 
er. Its 16 PWM channels can operate 
at up to 1500Hz with 12 bits of resolu- 
tion (4096 steps), which is more than 
good enough to generate servo control 
pulses. 

The three-wide rows of pin headers 
allow many standard servo motors to 
plug directly into the board. At 50Hz 
(20ms between the pulses, as in a typi- 
cal servo signal), pulses can be gener- 
ated with a resolution of around 5ps, 
giving just over 200 steps between the 
standard servo pulse width limits of 
ims and 2ms. 
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With these normally corresponding 
to positions of 0° and 180°, this gives 
a mechanical resolution of slightly 
better than 1°. 

One interesting feature which may 
come in useful is that the PWM outputs 
can be started at different times, giving 
them different phases throughout the 
PWM cycle, although all outputs must 
run at the same frequency. 

So for example, if you are driving 
multiple LEDs at less than full duty, 
they can be timed to stagger their 
switch-on times, such that (for ex- 
ample) only one is switched on at a 
time. This will limit the current steps 
drawn from the supply and probably 
reduce EMI too. 

With the addition of a high-current 
buffer (eg, a Darlington array), this 
board could even be used to drive a 
stepper motor or brushless DC motor. 
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By staggering the phases and chang- 
ing the frequency, the output of the 
PCA9685 can be set to produce a pulse 
train sufficient to allow the motor to 
keep turning without further inter- 
vention. 

We tested out some possible ap- 
proaches to generate motor drive sig- 
nals with this module, and some ex- 
amples of the waveforms we came up 
with are shown in oscilloscope grab 
Scope 1. 


Module description 

Apart from the 16 sets of output pins 
(each output is paired with a dedicated 
GND and power pin), there are also 
headers for power and I?C bus connec- 
tions as well as six solder jumpers to 
allow the address to be set. 

An output enable (OE) pin is also 
broken out on the board, allowing 
all outputs to be enabled or disabled 
with a single signal, but an external 
clock connection is not provided. The 
module relies on the chip’s internal 
25MHz oscillator instead. The exter- 
nal clock pin is grounded as per the 



























































PCA9685-BASED 16 x 12-bit PWM MODULE 


Fig.2: the basic wiring needed to connect the 
PCA9685-based module to an Arduino or Micromite. 
In each case, only four wires are needed, with I2C 
pull-up resistors being provided by the module. 
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data sheet’s recommendation for when 
it is not used. 

Referring to the circuit diagram in 
Fig.1, we see that there are two differ- 
ent supply rails on the board. A nomi- 
nal 5V rail powers the chip and can 
be found on the six-way headers at the 
pin marked V¢c¢. Ina 3.3V system, this 
would be connected to the 3.3V rail. 

A second rail marked V,. is also 
available at the six-way header as 
well as the two-way screw terminal. A 
diode-wired Mosfet provides reverse 
polarity protection if power is fed into 
V, from the screw terminal but not 
from the header. A 1000pF capacitor 
bypasses the V, rail. 

There is no connection between V,,. 
and Vcc. The intention is that servo 
motors (if connected) run from the 
V, rail, while the logic runs from V¢¢, 
minimising interaction between the 
logic and power parts of the circuit. 
All they have in common is a ground 
connection. 

A separate bypass capacitor for the 
IC and the power indicator LED is 
also fed from Vcc. Apart from the ex- 
ternal clock pin, all the IC’s pins are 
broken out. 


PCA9685-BASED 16 x 12-bit PWM MODULE 


The six address pins (AO-A5) are 
normally pulled to ground by 10kQ 
resistors, but they can be individually 
pulled high if the associated solder 
jumper is bridged. 

While this might appear to give up 
to 64 available addresses, due to I?C 
reserved addresses and auxiliary ad- 
dresses for the PCA9685, the actual 
usable number is 55, using the (7-bit) 
range 64-119, excepting 112. 

By default, with no jumpers set, 
the board has a 7-bit address of 64 or 
hexadecimal 0x40. The six jumpers 
effectively set the value of the six low 
order address bits. 

Address 112 is designated as “All 
Call” and can be used to address any 
PCA9685 device regardless of its set 
address. This allows initialisation of a 
large number of ICs to occur quickly, 
by setting all attached devices to the 
same initial conditions. 

During initialisation (or at any other 
time), the outputs can be set to open- 
drain (pull low or high-impedance), 
push-pull or inverted push-pull con- 
figurations. 

The 16 PWM outputs are brought 
out to the top (yellow) row of pins on 
the board, where they are 
combined with a row of V, 



































(red) and GND (black) head- 
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ers to form a row of servo 
motor compatible connec- 
tion points. 

The OE (output enable) 
pin is brought out to the 
six-way headers but is also 
pulled to GND by a 10kQ re- 
sistor, so the outputs are ena- 
bled by default. This line can 
be pulled up by a host micro 
to shut down the outputs if 
necessary. 

The I?C SDA and SCL pins 
are also brought out to the 
six-way headers and these 
have 10kQ pull-up resistors. 
While this is higher than the 
recommended 4.7kQ value 
for IC bus lines, we had 
no trouble without adding 
external pull-ups. Later, we 
will look at how these resis- 
tors behave when multiple 
boards are connected. 

Cleverly, the two six- 
way headers have matching 
pin-outs, so boards can be 
stacked end to end, for ex- 
ample, by fitting a female 
header to one end anda male 
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M 200v/ @ 2.00v/ @ 200v 


Freq(1): 24.2Hz | Duty/(1): 
ES) a ta iy | 





Goan 5 Ee hans we're using the PCA9685 module to generate 
pulse trains each phase shifted by approximately 120° 
compared to the last. Waveform like this could be used to 
drive a brushless motor or spread out the current demand 


of multiple PWM loads. 


jumper to the other. The V, track is 
quite thick, and the GND trace consists 
of a solid copper pour on the back of 
the PCB, so passing a fair amount of 
current between boards is possible. 

It appears the board is quite well 
designed and breaks out practically 
all the useful features of the PCA9685 
IC. 


What needs to be connected? 


For basic testing, only four wires 
are needed: Vcc, GND, SDA and SCL. 
If you wish to connect a servo motor 
to the headers, you will need a supply 
for the V, rail too. The basic connec- 
tions for a Micromite and Arduino are 
shown in Fig.2. 


Software 


We have written sample programs 
for Arduino and Micromite. Both of 
these allow the PWM frequency to be 
set, as well as the start and duration 
times of the pulses. 

Internally, the PCA9685 uses start 
and end variables to define the pulse 
parameters of each output, as well as 
specific bits to enable full-on and full- 


The PCA9685-based 
module is one of the 
better designed I/O 
expander modules. 
Practically all the 
available pins are 
broken out, with the 
control pins replicated 
at each end, to allow 
multiple modules to be 
daisy-chained. 
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20.008/. Auto # QJ 900° 
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__| Duty(3}:19.3% | Freq(1): 24.16Hz 
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10.008/ Auto # [J 9007 





PDuty(2): 56.5% | Duty(3): 25.6% 





Scope 2: this demonsiraies using the PCA9685 module to 
produce three different PWM waveforms with different 
rise and fall positions, with each duty cycle being fully 
adjustable. The main restriction is that the repetition 


frequency of all outputs must be the same. 


off states, so some minor translation is 
done by the code. 

In the Micromite example, these var- 
iables are set by sliders on an attached 
ILI9341 LCD (as you would have on a 
Micromite LCD BackPack), while the 
Arduino code uses the serial moni- 
tor as a menu to enter the parameters, 
these being a letter for the parameter 
followed by its value. 

Both examples contain some func- 
tions to simplify writing your own 
code to control the module. Adafruit 
has also written an Arduino ete 
which can | be found at | ittps 


Our sample code is available as a 
free download from the SILICON CHIP 
website. 


Expander 2: PCF8574 module 


You may have heard of the PCF8574 
before, especially if you have ever 
used any of the I*C-controlled char- 
acter LCD panels, as described in our 
March 2017 article (sil 

). It is the PCF8574 
that provides the I?C-to-parallel con- 








version that makes it so easy to use 
these LCD screens. 

The module we are looking at, des- 
ignated HW-171, measures 48 x 11mm, 
although other similar modules are 
available. Its circuit diagram is shown 
in Fig.3. It has a wide operating voltage 
range, 2.5-6V, making it suitable for all 
3.3V and 5V applications. 

The IC modules designed to attach 
to the back of an LCD panel can also 
be used as I/O expanders, although 
they usually omit one of the pins as 
only seven control lines are needed 
for driving a character LCD. 

This module has a simple inter- 
face, with a four-pin male header at 
one end and a four-pin female header 
at the other end for control and daisy 
chaining. The pins are designated V¢c, 
GND, SDA and SCL, with the last two 
being the I?C bus. A nine-way header 
breaks out the I/O ports on one side 
(the ninth pin provides an interrupt 
function), while a row of three three- 
pin headers with jumper shunts are 
used for address selection. 

The male/female pin header combi- 
nation allows multiple modules to be 
easily connected to the same I?C bus, 
and the addressing scheme allows up 
to eight unique addresses. 

Apart from the main IC, the only 
other electronic components on the 
module area pair of 1kQ pull-up resis- 
tors on the I?C lines. These are much 
lower values than are typically used as 
I°C pull-ups, but it still seems to work 
OK. We'll have a look at the effects of 
these resistors a bit later. 
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IC1 
PCF8574 


S¢ PCF8S74-BASED 1/0 EXPANSION MODULE 


Fig.3: the circuit of the PCF8574-based module. Apart from the main IC, there 
are just two extra resistors. It’s a great module in that all the useful pins are 


broken out in a well laid out arrangement. 
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PCF8574-BASED I/O EXPANDER MODULE 


Fig.4: the wiring for the PCF8574 
module is similar to the others, as they 
all use an IC serial control interface. 

The boards have both female and male 
sockets; either end can be connected to 
a microcontroller, with the other end 

connecting to nothing, or more boards. 
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The PCF8574 IC 


Like the PCA9685, the PCF8574 
is made by NXP. Its datasheet can be 
found at: siliconchip.com.au/link/ 
aasm 

While it can only have eight differ- 
ent addresses, there is a variant called 
the PCF8574A, which is identical but 
has a different set of addresses, giving 
16 total possibilities. 

The PCF8574 can have a 7-bit ad- 
dress from the range 32 to 39, while 
the PCF8574A can have an address 
from 56 to 63. Our units had a default 
address of 32. Since the chips are in- 
terchangeable, if you can’t get your 
module to work, check which of these 
two chips it has. 

While NXP does not make a DIP 
version of this IC, Texas Instruments 
does, so it is possible to replicate the 
functions of this module on a bread- 
board with the addition of two pull-up 
resistors for the I?C bus. 

The datasheet mentions the 
PCF8574’s suitability for driving 
LEDs, but unlike the PCA9685, this 
device is quite minimalist and so can 
only switch them on or off. But it does 
provide the ability to read the state of 
each pin, allowing them to be used as 
digital inputs, which the more com- 
plex PCA9685 does not. 

Each of the eight I/O pins can be set 
to one of two states. The default pow- 
er-up state is for the pins to be pulled 
up by a 100pA current source. In this 
state, the pin can be used as an input, 
detecting when a connected device 
pulls the pin low. The 100pA current 
source is also sufficient to drive a logic 
pin high, such as when the PCF8574 
is used to drive alphanumeric LCD 
screens. 

The other state is to pull the pin 
low. Each pin can sink up to 10mA. A 
brief 1mA pull-up current is applied 
on a transition from low to high, sup- 
plementing the weak 100pA pull-up 
and speeding up transitions. 

While this scheme appears very ba- 
sic, it allows all the pins to be written 
and/or read with a single byte com- 
mand. Since repeated reads or writes 
can occur during the same [°C trans- 
action, complex wave trains can be 
generated as easily as port writes on 
a microcontroller. 

This is perfect for controlling de- 
vices such as the character LCDs we 
mentioned earlier, as a stream of digital 
data is often needed to update a series 
of characters on the display. 
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The PCF8574 modules are designed to be stacked end-on-end, meaning that 
it’s trivial to connect multiple such modules to a single microcontroller. Note 
that the address jumpers are set here to give each module a different I7C bus 


address, to avoid conflicts. 


The interrupt pin is an open-drain 
active low output, and goes low on 
any change of input pin level. It is re- 
set when a read occurs. It is intended 
to signal to the microcontroller that 
the input state(s) have changed and 
require reading. The interrupt pins of 
multiple modules can be paralleled, 
as any device can assert a low without 
conflicting with other modules. 

With such a simple control scheme, 
no initialisation or command codes 
are needed; the data that is written 
or read corresponds precisely to the 
pin states. 


Module description 

The module itself is quite simple, as 
noted above, with only two resistors 
in addition to the main IC. 

While the stackable feature of the 
modules is handy, it’s a pity that the 
interrupt function is not brought out 
to a fifth pin at each end, to make it 
easy to feed this signal back to the 
controller. 

Vec and GND pins near the I/O pins 
would have been nice too; as it is, there 
is nowhere convenient to connect the 
controlled device to the power supply. 

As for the other module, only four 
connections are needed: Vcc, GND, 
SDA and SCL. See Fig.4 for the rec- 
ommended connections to either a 
Micromite or an Arduino. 


Software 


As for the PCA9685 module, we 
have created both an Arduino and 
Micromite example program. The Mi- 
cromite program uses a touch panel 
interface, while the Arduino program 
uses a serial interface. 

Entering any of the numbers 0-7 will 
toggle the state of that output pin. The 
pin states are also read and the cur- 
rent state displayed. A read can also 
be performed by pressing the “READ” 
button or entering “R” on the Arduino 
software. 

To help with troubleshooting, we’ve 
found some small I?C scanner pro- 
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grams (for Arduino and Micromite) 
and included them in our software 
download for this article. 

These scan all addresses on the I?C 
bus and determine which addresses 
are actually in use. That might help 
you figure out which address your 
module is set for, if you can’t figure 
it out from the jumpers and IC code. 


Expander 3: MCP23017/S17 
module 


The MCP23017 IC is produced by 
Microchip, the same company respon- 
sible for PIC microcontrollers. It has 
16 bi-directional digital I/O ports and 
is controlled over an I?C bus. There 
is an SPI version, which is called the 
MCP23S17. The module suits either 
version of the IC, as some of the pins 
are marked with designators for both 
I°C and SPI signals. 

The MCP23017 IC has a working 
range of 1.8-5.5V, so this module is 
suitable for use with both Micromites 
and Arduinos. It is quite compact, 
measuring just 25 x 20mm, although 
this means that it only has space to 
label the functions on the back of the 
module. It has 30 pins in total, al- 
though they do not come fitted with 
headers. 

It supports full bi-directional I/O 
operation on all pins. The register set 
is reminiscent ofa PIC microcontroller, 
with control bytes for direction, pull- 
ups, output latches, port reading and 
interrupt enable. There’s also another 
byte which can be used to invert the 
polarity of the port. 

Given this many registers, there’s 
a greater level of control than for the 
PCF8574-based module, including full 
push-pull output drivers, although it 
lacks the PWM feature of the PCA9685. 

Just like a PIC microcontroller, all 
the I/O pins start as inputs but can be 
set to be outputs. The commands are 
simple, and consist of the IC address 
(as for all I2C transactions) followed 
by acommanad (register) byte and data 
byte. Port writes up to eight bits wide 
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are possible. Its data sheet can be found 
at: siliconchip.com.au/link/aasn 





Module description 


There are two rows of ten pins at 
one end of the module with the con- 
nections to the controlled I/O ports (16 
pins) plus connections for interrupt 
signals and power. There is another 
single row of 10 pins with the connec- 
tion to the host for control and power; 
other non-I/O pins such as the address 
pins are broken out here too. 

But the small size of the module 
means that some of the nicer features 
found on the other boards are omitted. 
For example, although the MCP23017 
has three address pins to allow ad- 
dressing up to eight modules, these 
pins aren’t broken out to jumpers. To 
use them, you have to solder a wire 
from one or more of the address pins 
to the ground pin. 

Similarly, there isn’t a header to 
allow multiple modules to be easily 
stacked. So it’s most easily used when 
it’s the only expander module con- 
nected to the micro. 

The fact that the two rows of out- 
put pins are adjacent means that the 
module does not lend itself well to 
being used on a breadboard, unless 
you're happy using just one row of 
the output pins. 


The circuit 

The circuit diagram for this mod- 
ule is shown in Fig.5. Apart from the 
main IC, there are two 10kQ resistors, 
one four-way 10kQ resistor array and 
a 100nF ceramic capacitor, used to 
bypass the IC’s supply. 

The two individual resistors are the 
I°C pull-ups, while the resistor array is 
connected to pull the RESET (MR) pin 
high (so the chip will operate as soon 
as power is supplied) and the address 
pins low (setting the default address). 
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The MCP23017 module does not 
feature stackable headers or address 
jumpers, but it is very compact and 
provides full digital I/O control 

of 16 pins, similar to that of a 
microcontroller. Due to its small size, 
the pins are labelled on the back of 
the module. 
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S& CJMCU-2317 (MCP23017) 1/0 EXPANDER MODULE 


Fig.5: the MCP23017-based module is quite compact, although this does leave it 
at a minor disadvantage for usability compared to the other two modules. The 
I?C and power pins are on one side, with the I/O pins on the other side. 
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Fig.6: as for the other two modules, only 
four wires are needed. These connections 
are conveniently arranged as a group at 
one end of the module. 
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Otherwise, all the IC’s pins are con- 
nected directly to pads on the module, 
with power (Vcc) and ground being 
the only pins connected via both sets. 

For basic operation, only four wires 
need to be connected; power, ground 
and the two I?C lines. These connec- 
tions are sufficient to work with our 
sample code, and are shown in Fig.6. 


Software 

Because the MCP23017 works simi- 
larly to microcontroller I/Os, we have 
written our code to emulate the most 
common microcontroller pin control 
functions. 

For Arduino, the functions are 
named: 

MCP23017digitalwrite() 

MCP23017digitalRead ( ) 

MCP23017pinMode() 

These work the same as their na- 
tive counterparts. Our sample code is 
nothing more than the classic ‘blink’ 
routine (which toggles an output be- 
tween high and low at 1Hz), with code 
added to read back the set state. 

The Micromite code is similar, al- 
though the syntax of the commands 
is slightly different from the inbuilt 
statements. The functions are named: 

MCP23017SETPIN 

MCP23017READPIN 

MCP23017WRITEPIN 

The pin modes are: 

OUT 

IN 

IN_PULLUP 

The Micromite code draws buttons 
on an attached ILI9341 LCD screen in 
landscape mode. Four rows of sixteen 
buttons correspond to the 16 I/O chan- 
nels and four states; the states are: in- 
put, input with pull-up, output high 
and output low. A further row shows 
the last states read from the I/O pins. 
Pressing any of the buttons, including 
the “read” button, will cause the read 
states to be updated. 


I2C pull-ups 

All three of these modules commu- 
nicate via I?C, and all have onboard 
pull-up resistors. The total pull-up 
resistance decreases as more boards 
are added and the resistors are ef- 
fectively paralleled. We investigated 
what range of resistances allowed for 
correct operation, to get an idea of 
how many boards could realistically 
be used without modification. 

For the Micromite, 220Q pull-up 
resistances for SDA and SCL result in 
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15mA being sunk from the 3.3V supply 
when the pins are driven low. This is 
the absolute maximum pin current of 
the PIC32, and even under these condi- 
tions, I2C communications at 400kHz 
(the Micromite’s upper speed limit) 
worked flawlessly. 

So a maximum of four PCF8574- 
based modules or 45 PCA9685-based 
modules can be connected to a Micro- 
mite, based on current draw on the IC 
pins. This does not take into account 
extra capacitance which may be added 
to the bus lines when extra modules 
are added, so these numbers may not 
be achievable in practice. 

Removing the resistors from some of 
the modules will decrease this load, as 
will adding a second IC bus. 

Similarly, the ATmega328 processor 
on an Arduino Uno supports a maxi- 
mum of 40mA on each pin, which 
corresponds to 125Q pull-ups to the 
5V supply. So we tested using 150Q 
pull-up resistors. 

This too proved to work fine for 
both modules, suggesting up to 
six PCF8574-based modules or 66 
PCA9685-based modules can be con- 
nected to an Arduino board. This 
includes the same assumptions as 
earlier, and these results may not be 
achievable in practice. 

It appears that the I?C bus is quite 
robust, and can work well if it’s operat- 
ing slightly outside its recommended 
conditions. 

Although we didn’t run any tests on 
the MCP23017 based module, based on 
these results, it should work fine with 
up to eight modules (the maximum 
that would be addressable). 


Level shifting 

Another interesting possibility that 
arises in using I/O expander modules 
is that it allows for parts of the circuit 
to operate at different voltages. 

As IC is an open-collector bus, de- 
vices either pull the SCL and SDA lines 
to ground or let them rise to a higher 
voltage due to the pull-up resistors. 
So it isn’t necessary for all devices 
on the bus to have an identical logic 
high voltage. 

If the bus pull-ups are connected 
to the lowest voltage supply used, no 
damage can occur through over-volt- 
age. As long as this level is detected 
as high by the device with the highest 
logic voltage, then it will still work, al- 
though with reduced margin in clearly 
defined logic levels. 
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It’s important in this sort of situation 
to ensure that the pull-up resistors that 
are connected to the bus go only to 
the lower voltage supplies (although 
most chips have internal clamp diodes 
which will clamp the high voltage to 
a safe level anyway). 

So for example, you could connect 
an I/O expander module running off 
5V to a 3.3V Micromite and it should 
work just fine. 

You would then have 3.3V I/Os 
available direct from the Micromite, 
and 5V I/Os from the expander. Ide- 
ally, the IC pull-ups should go to the 
3.3V supply. 

Similarly, you could connect a 
3.3V I/O expander to a 5V Arduino 
micro. In this case, you would want 
to use the pull-ups on the expander 
module. The Arduino will read 3.3V 
as a high level, and while it will have 
its own 5V I/Os, you can also use the 
3.3V I/Os of the expander module to 
communicate with other devices run- 
ning at 3.3V. 

One of these expander modules may 
even be the easiest and cheapest way 
to communicate with a chip that has 
a digital interface operating at a differ- 
ent level to your micro. 

Note though that the resulting I/O 
speeds will not be very high; this is 
another factor to be considered. 


Summary 

Each module described here pro- 
vides quite a different set of features, so 
which one is best for you will depend 
on your needs. You may even find it 
handy to connect multiple different 
expander modules to a single micro 
to perform different jobs. 

For PWM or servo control, or LED 
brightness control, the PCA9685 mod- 
ule is the most useful. Its large number 
of possible addresses is also a strength. 
But it doesn’t provide you with any 
extra digital inputs. 

The PCF8574 module is the simplest 
and easiest to use. 

If you need more full-fledged mi- 
crocontroller type I/O pins, then the 
MCP23017 module has the advantage. 
There is extra overhead in controlling 
it compared to the PCF8574, but this 
is offset by extra features and more 
1/O pins. 

As mentioned above, you can mix 
and match the modules, although it 
is an unlucky coincidence that the 
MCP23017 and the PCF8574 both 
share the same address space. St 
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Christnas Uree 


Here’s a brilliant little - and cheap — project for Christmas. It’s a mini 
Christmas tree with 12 multi-colour LEDs which flash in sequence. It 
runs off a button cell which can last for weeks or even months. You can 
use whatever colour LEDs you want, or even mix them. You could build 
several of these, or even dozens, and arrange them around your tree (or 
anywhere else) for a spectacular light show! 


year was a big hit, at least in part because you could 
use it to build a vast tree, up to a metre high — or 
even taller. 

This project is at the other end of the spectrum; you can 
build trees so tiny that you could wear them as a badge, 
attach them to Christmas presents . . . or even use them to 
decorate a larger Christmas tree. You could even hang them 
on the giant LED tree (you could call it “Tree-ception”). 

PCBs and kits for last year’s expandable tree (November 
2019; siliconchip.com.au/Article/11297) are still available. 
So if you want a big, illuminated tree, go for it. But if you 
want to try something a little different, read on. 

This idea came about when my wife said she wanted to 
create some decorative baubles for the festive season. They 


QO: huge Stackable LED Christmas Tree from last 
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had to be small to be practical, and as I was involved in the 
design, naturally they would need flashing lights. 

Thus was born the idea of the Tiny LED Christmas Tree. 

The electronics are not extraordinary, except perhaps in 
their simplicity. An 8-pin microcontroller running from a 
single lithium cell drives 12 LEDs. 

It’s using a multiplexing method that we’ve used before, 
known as ‘Charlieplexing’, to allow the twelve LEDs to be 
driven from just four I/O pins. See the side panel for more 
information on this. 

We’ve used a PIC12F675 as the microcontroller primarily 
because it has a low sleep current and comes in a modestly- 
sized 8-pin SOIC package, with enough spare I/Os to drive 
the 12 LEDs. 

As the board is shaped like a tree, the obvious choice of 
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solder mask colour is the default green, and you can use 
whatever colour LEDs you want on top of that: red, green, 
yellow, orange, blue, white or a mixture. 

But as ornaments are best when they’re bright and cheer- 
ful, we’re also offering boards with red and white solder 
masks, along with the green mask shown here. 

You could build a mix and use different colour LEDs 
with each board colour. 


Circuit details 


Fig.1 shows the full circuit (not much to it, is there!). 
Two of microcontroller IC1’s eight pins are dedicated to 
its power supply, and these are connected directly to the 
terminals of a button cell. 

We’ve found that in this application, no bypass capaci- 
tor is necessary. These power pins and three other pins 
required to program the chip in-circuit are also connected 
to programming header CON1. 

This header is mounted on a part of the PCB that’s 
separated from the rest by a row of holes, allowing it to 
be snapped off if 
it isn’t needed (eg, 
if you purchased 
a pre-programmed 
PIC, or you’ve al- 
ready programmed 
the chip). 

Pins 6, 2, 5 and Ic] 
3 are used to drive 
the LEDs via 1kQ 
current-limiting re- 
sistors, leaving pin 
4 (GP3/MCLR) and 
pin 7 (GP0/PGED), 
both of which can 
be used as I/Os but 
in this case, are 
only used for pro- 
gramming the chip. 

Part of the reason 
we aren’t using pin 
4 to drive the LEDs 
is that during pro- 
gramming, a high 
voltage is applied 
to this pin, which 
could damage the 
LEDs. 


GP1/PGEC GP4/AN3 
PIC12F675 
GP5 GP2/AN2 
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Front and back of the PCB, shown here life size. The LEDs are mounted on the front 
with their cathodes to the left, (indicated by a small green mark on the LEDs 
we used). We used a mix of LEDs on our tree; the different colours are hard 

to tell apart once they have been removed from their package, although 
white LEDs can sometimes be discerned by their yellow phosphor. 
On the back of the PCB are the rest of the components: the PIC IC, 
five resistors and the button cell battery. The orientation of the IC 

and the cell holder is important. While not visible from 
directly above, the holder has tabs on its left-hand side that 

prevent a cell passing out this side. If the holder is 
installed backwards, one resistor gets in the way 
of inserting the coin cell. 


BAT] CR2032 
3V UTHIUM 


Sf TINY LED XMAS TREE 


Fig.1: the circuit is simplicity itself, involving just one IC, five resistors, twelve 
LEDs and a lithium cell. Each LED is connected across a different pair of pins, via 
two 1kQ series current-limiting resistors. The optional in-circuit programming 
header is on a section of the board that snaps off in case you don’t need it. You 
can also fit it and snap it off after you have finished programming IC1. 
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In its role as MCLR, pin 4 needs a pull-up for normal 
operation (to avoid ‘random’ resets). So we’ve connected 
a 10kQ resistor between MCLR and Vdd. 

Pin 7 is also not used for the LEDs as this might interfere 
with the programming of the chip. Pin 6 (GP1/PGEC) is 
used for both programming and driving the LEDs. We’ve 
gotten away with this as it is the only programming pin 
that connects to the LED array. 

The circuit is designed to drive one LED at a time. While 
it is possible to give the illusion of multiple LEDs being 
illuminated by multiplexing them fast enough, we’ve 
found that we can get a nice display by flashing the LEDs 
in sequence, and therefore that is not necessary. 

With this configuration, the current for each LED passes 
through two of these resistors. That’s because, to drive an 
LED, one of the four connected I/O pins is driven high and 
another of the four low. The two remaining I/Os are left in 
a high-impedance ‘floating’ state. 

This forward-biases one of the twelve LEDs. The other 
eleven are either reverse-biased, or they have a floating an- 
ode or cathode, 
so no current 
can flow. 

Table 1 shows 
which combi- 
nation of pins 
is used to light 
each LED in 
turn. 

To simplify 
the layout of the 
PCB, the LEDs 
are not arranged 
in numerical or- 
der. The map- 
ping of logical 
to physical loca- 
tion is handled 
in the software 
programmed 
into the PIC. 
The physical 
layout can be 
seen in the top 
side PCB over- 
lay diagram, 
Fig.2(a). 

By the way, 





CATHODE a 
DOT 


Qy 
A 


LED COLOURS ARE INDICATIVE ONLY 


NOVEMBER 2019 47 











LED 

LED1 
LED2 
LED3 
LED4 
LEDS 
LED6 


High pin 
GP5 
GP2 
GP4 
GP1 
GP2 
GP4 
GP1 
GP5 
GP4 
GP1 
GP5 
GP2 


Low pin 
GP1 
GP1 
GP1 
GP5 
GP5 
GP5 
GP2 
GP2 
GP2 
GP4 
GP4 
GP4 


LED7 
LED8 
LED9 
LED10 
LED11 
LED12 





Table 1 - LED drive pin combinations 


while it is possible to run LEDs directly 
from I/O pins in some cases, we decided 
to use series current-limiting resistors. 

Each I/O pin can source or sink up 
to 25mA, and if the button cell had to 
supply this much current (even brief- 
ly), its voltage would sag quite badly, 
possibly leading to microcontroller 
glitches which would interfere with 
the pattern. This would also likely 
lead to a short cell life. 


Software 


The software is designed with low 
power consumption in mind, so the 


LED Charlieplexing 


The technique we use for driving the 
LEDs in our Tiny Christmas Tree is called 
Charlieplexing, named for Charlie Allen 
of Maxim Integrated. Maxim is known 
for their LED driver ICs, such as the 
MAX7219 which we described previously 
in the LED Matrix Display Module article 
from June 2017 (siliconchip.com.au/ 
Article/10680). 

Charlieplexing, as the name suggests, 
is a variation of traditional multiplexing. 
We used Charlieplexing in our Digital Up/ 
Down Timer project in the August 2010 
issue (siliconchip.com.au/Article/240). 

Traditional multiplexing arranges the 
LEDs in a grid, with one set of pins to 
drive the anodes and one set to drive the 
cathodes. 

If you have 100 LEDs in a 10x10 grid, 
20 output pins are required to drive them. 
Or 12 LEDs ina 3 x 4 grid would require 
a total of seven output pins; a bit difficult 
when you are using an 8-pin micro! 

With Charlieplexing, each 1/0 pin can 
effectively be used to drive both a row and 
a column (except that it can’t be both at 
the same time), so the number of LEDs 
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processor spends much of its time 
in sleep mode, only being woken oc- 
casionally by the “watchdog” timer. 
This is an essential part of our recipe 
for minimal power usage. 

The software initialises the I/O pins 
and assigns its internal prescaler to 
the watchdog timer, allowing us to 
alter the prescaler and thus change 
the watchdog delay. 

It then sets up an array of values 
containing the numbers of the LEDs 
that should be lit in sequence. The 
program then steps through this ar- 
ray, lights one LED and then puts the 


that can be driven from the same number 
of pins is greatly increased. In our Tiny 
Christmas Tree, the four I/O pins can now 
drive 12 LEDs. 

The biggest disadvantage of Charlieplex- 
ing is that you can’t illuminate as many LEDs 
at the same time. With regular multiplexing, 
you can light up a whole row or column at 
once, whereas with Charlieplexing, you can 
only really light up one at a time. 

Also, planning the wiring for such a Char- 
lieplexing arrangement is tricky, especially as 
large arrays of LEDs are typically arranged 
in a grid, which lends itself well to the row/ 
column principle of basic multiplexing. This 
also leads to increased software complexity. 

For Charlieplexing, the I/O pins used need 
to be capable of being driven high, driven 
low and also being set to high-impedance. 
This makes it harder to use discrete transis- 
tors to implement such a scheme. Regular 
multiplexing requires the pins only to switch 
between high and low, or active and high- 
impedance, which is easier to do with 
discrete transistors. 

Other restrictions apply to Charlieplexing. 
In particular, the forward voltage of the LEDs 
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< Figs.2a (left) & 2b (right): these overlay 
lep1S diagrams show where to fit the components 
on both sides of the board, and also 
show how the LEDs are physically 
arranged. The software converts 
this into a simple mapping, 
numbering the top-most LED #1; 
the second row #2 & #3; the 
third row #4, #5 and #6 etc. 
This makes designing 
patterns in the software 
easier. All the LEDs are polarised 
and must be installed with the 
orientation shown (cathode dot to 
the left). The orientations of the IC 
and cell holder are also critical. 











processor into sleep mode for 18ms. 
After this, the LED is switched off, and 
the processor sleeps for another 72ms. 

The processor cycles through the 
array and repeats this sequence as long 
as it has power. Changing the pattern 
is as simple as changing the array in 
the code. 

By having the processor sleep nearly 
all the time, the vast majority of the 
power used is consumed by the LEDs, 
with a small amount being dissipated 
in the series resistors and an even 
smaller amount by the microcontroller 
during the brief periods that it is active. 


must be within a certain range. If the for- 
ward voltage of one particular LED is more 
than the forward voltage of some other pair 
of LEDs in the Charlieplex’ matrix’, current 
will pass through the other pair, leading to 
some LEDs lighting up when they should 
and some when they shouldn't. 

Fortunately, our simple circuit does 
not suffer from this; any combination of 
red, yellow, green, blue and white LEDs 
can be used. 

You might have trouble if you try to use 
an infrared LED, but we aren’t sure why 
you would want to do that! 

While it is possible to illuminate multiple 
LEDs at a time with Charlieplexing, we 
have chosen not to do so in this project. 
Simplicity is the first reason; there are 
restrictions on which LEDs can be lit 
together. By lighting one at a time, we do 
not need to consider that. 

Lighting one LED ata time also reduces 
the peak current needed from the cell, 
which is vital for getting the most life out 
of the button cells. The usable mAh rat- 
ing of button cells is considerably less at 
higher currents. 
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Tests on our prototype measured a 
typical average current draw of 70pA, 
which should allow weeks of opera- 
tion from a fresh coin cell. That’s well 
and truly enough to run the ornaments 
for the 12 days of Christmas, and 
beyond! 

Our best estimate is that a new 
CR2032 cell with a nominal capacity 
of 240mAh will last from the start of 
December until around the middle of 
March, although we haven’t tested 
this. That will mean you can take them 
down just before Easter! 

We’ve chosen 1kQ current-limiting 
resistors to give a long battery life and 
sufficient brightness for indoor use. 
If you want the LEDs to be brighter, 
possibly bright enough to be used in 
sunlight (but out of the rain!) then you 
can reduce these values. 

We tested resistors as low as 100Q, 
and the Tree worked fine, although 
we would expect its battery life to be 
proportionally reduced (to around a 
week for 100Q). 


Construction 

To ensure that the Tiny Christmas 
Tree is, well, Tiny, we are using sur- 
face-mounted components. We have 






Micromite Plus BackPack -\n 
We have taken the best y 
features of the Micromite #—“s= 
LCD and the Explore 64 ~ 
and put them together onto 
a single board. Use it to supercharge your 
BackPack project or just as a convenient and 
cost-effective controller module. 

KIT INCLUDES: 

PCB, 2.8-inch touchscreen and lid 

Programmed PIC32MX470F512H-120/PT 

3,3V LDO regulator plus Mosfets for PWM control backlight 
MCP120-270 supply supervisor 
20Mtz low-profile crystal 
green SMD LED 

micro USB & microSD sockets 
Right-angle tactile switch 

SMD capacitors and resistors 
pin headers and shorting block 
mounting hardware 






























Wim BatPak Pls Messe “ah 00 


also done away with markings on the 
front of the PCB to give the Tree a more 
presentable appearance. 

Thus there are components on both 
sides of the PCB. Fig.2(a) shows the top 
side component overlay, with Fig.2(b) 
showing the components fitted on the 
opposite side. 

The SMD parts are mostly a large 
size, ie, 3216 metric (1206 imperial). 
IC1 is in an 8-pin SOIC package. All 
these parts are quite manageable, even 
with a fairly large-tipped iron. 

Having flux paste and tweezers will 
make this much easier. Solder braid 
(wick) will also be handy if you end up 
bridging any pads. You might also use 
a small piece of adhesive putty (such 
as Blu Tack) to hold the PCB in place 
as its small size means it could move 
around easily while you're trying to 
line up the components. 

Start by fitting IC1. Apply flux to the 
pads and note the orientation of the 
pin 1 marking on the IC. It needs to 
align with the notch in the silkscreen 
on the PCB. 

Place the IC onto the pads and align 
it as best you can. Gently hold it in 
place with tweezers, then apply a 
small amount of solder to the iron tip 


and touch it to one pin of the IC. The 
flux will help pull the solder onto the 
pin and its pad. 

Check that the other pins are cor- 
rectly lined up with their pads. If they 
are not, grasp the IC with the tweezers 
and move it into place while using the 
iron to remelt the solder. Once the IC 
is correctly aligned, touch the iron to 
the remaining pins. You may need to 
apply more solder as it is sucked from 
the tip onto the pins and pads. 

If you have a bridge between two 
pins, solder the remaining pins before 
attempting to remove it. Having all the 
pins soldered will help to keep the IC 
in the correct location. 

To remove the bridge, apply some 
more flux to the top of the pins and 
press the end ofa piece of braid against 
the pins with an iron. This should 
absorb any excess solder onto the 
braid, leaving just enough to maintain 
a good joint. 

The next step is to install the resis- 
tors. There is a single 10kQ resistor and 
four nominally 1kQ resistors, none 
of which are polarised. Fit the 10kQ 
resistor first, where shown. Apply 
a small amount of solder to the pads 
and hold the resistor in place with the 





STIRALIA’S OWN 


ince its introduction in February 2016, et ileal \ 
eoff Graham’s mighty Micromite 


ackPack has proved to be one of the most versatile, most economical and easiest-to-use visual display and 
ouchscreen control systems available — not only here in Australia but around the world! There are now four versions 
of the Micromite BackPack: the original V1, published February 2016 (now superseded*); the Micromite PLUS, published in November 2016, 
the V2 BackPack published in May 2017 and now there’s the V3 BackPack published in July 2019. If you wish, the Micromite (which is 
programmed in BASIC) can be programmed over and over again — for published projects, or for you to develop your own masterpiece! 


pol eee i tins 
Micromite BackPack V3 - ji 


The V2 version of the 
Micromite LCD BackPack 
incorporates the Micro- 
bridge, which adds a USB 
interface and the ability to i 
program/reprogram the PIC32 chip while it's 
onboard. And the BackPack V2 also adds 
software control over the LCD backlight. 


KIT INCLUDES: 

PCB (green) 

2.8-inch touchscreen with 320x240 pixels 
Programmed microcontrollers and IC sockets 
Mosfets for PWM-controlled backlight dimming 
3.3V low-dropout regulator 

All capacitors (ceramic types supplied) 

2 1kO, & 2 10k0 resistors 

Pin headers (male and female) 

UB3 lid (laser-cut 3mm acrylic) 

Tapped spacers, machine screws and Nylon washers 
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Micromite BackPack V2 Kit eat scaza7 — $70.00 Micromite BackPack V3 Kit at sesoez)— $75.00 
















The V3 BackPack is the most 
convenient and powerful yet! 
It has all the features of the V1 
and V2 BackPacks and supports 
both 2.8in and 3.5in touchscreen displays plus 
five new optional features: extra memory, a real- 
time clock, infrared receiver, temperature, 
humidity and pressure sensors and more! 

KIT INCLUDES: 

PCB (green) 

3.5-inch colour touchscreen with 480x320 pixels 

Programmed microcontrollers and IC sockets 
3.3V low-dropout regulator 

All capacitors cad -hole ceramic 
types supplied 

21kO & ° 10k resistors 

Pin headers (male and female) 
Mosfets for PWM-controlled backlight dimming 
Tapped spacers, machine screws and Nylon washers 
UB3 lid (laser-cut matte/gloss black 3mm acrylic) 








































tweezers. Load up the iron with a small 
amount of solder and apply it to one 
pad; the solder should flow into the join. 

Check that the part is within the pad 
markings and if not, adjust it. Solder 
the second pad. If you have the right 
amount of flux, the solder between 
the pad and component should look 
smooth and shiny. Have a look at 
the photos of the board to see how it 
should look. 

Do the same for the remaining resis- 
tors. There are three more around IC1 
and one up and to the left amongst the 
branches of the tree. 

Now flip the board over so that you 
can fit the LEDs. The markings on this 
side are minimal, to avoid spoiling 
the visual effect. You might be able 
to see a small line indicating the LED 
cathodes. All LEDs should be mounted 
with their cathode to the left. 

This is usually marked with a small 
green dot on the LED body, although 
it’s best to verify this using a DMM set 
on diode test mode before soldering 
them. When the LED lights up, the red 
probe is on the anode and the black 
probe on the cathode. 

You can fit any colour LED to any 
location. We tested one of our proto- 
types with a mix of white, red, yellow, 
green and blue LEDs and found that 
they all worked fine. If you use high- 
brightness types, then you will get the 
best results from the meagre current 
they are supplied. 

These are fitted in the same manner 
as the resistors, although you may find 
it takes a little more heat to make the 
solder joints. 

The coin cell holder should be fit- 
ted next. Check that the cell opening 
faces away from the resistor, as shown 
in Fig.2(b) and our photos. Otherwise, 
you might have trouble getting the 
cell in later. 

The holder should be mounted 
similarly to the other components, 
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arts list — Tiny LED Christmas Tree 
; available from the SiLicon CHip ONLINE SHoP; see below right 
ded PCB coded 16111191, 54mm x 414mm (green, red or white solder mask) 
|ht-angle header strip (CON1) (optional, for programming) : 
on coin cell holder [Digikey BAT-HLD-001-ND, Mouser 712-BAT- HLD-0 


ISN 8-bit microcontroller, SOIC-8, programmed with 1611119A.HEX (ict 
(1206 imperial) SMD resistor [Altronics R8188] ae 
6 (1206 imperial) SMD resistors [Altronics R8116] 
206) SMD LEDs (any colours) [Altronics Y1041, Y1056, Y1073, Y1079, ves 
coin cell or similar (CR2025 is also suitable) 


with a small amount of flux paste to 
help the solder flow smoothly. You 
will probably need to use more heat 
than the smaller components. Tack one 
end, check that the holder is straight 
and symmetrical and then solder the 
other end. 

If you can’t get the specified coin 
cell holder, you can substitute a 40mm 
length of 0.7mm tinned copper wire. 
We tested this by rigging one up, and 
it worked well enough. 

We started by bending the wire into 
a gentle curve in the middle, with a 
sharp 180° bend of approximately 
2mm radius at each end. The bends 
give a bit more springiness and help 
to hold the cell in place. 

To place the wire at the correct 
height to provide sufficient tension, we 
placed a spare PCB (standard 1.6mm 
thickness) between the Tree board and 
the wire. Once soldered and the weight 
released, the wire will spring back a 
small amount to allow a 3.2mm thick 
CR2032 cell to fit underneath. 

Balance the wire on the PCB and 
apply a good amount of solder to each 
end to hold it in place. 

With the soldering complete, re- 
move any excess flux with an appro- 
priate cleaning solution to ensure that 
the front of the PCB presents a clean 
appearance. 


Important! 

Coin cells (like button cells and 
other small batteries) can be dangerous 
if they are ingested. The Tree and any 
batteries that might go inside it should 
be kept well away from small children 
and babies that might (nay, WILL) try 
to put such things in their mouth at 
the first opportunity! 

We found that it was tricky to re- 
move the coin cell without something 
thin to push it out of the holder. If you 
have substituted a piece of wire for the 
cell holder, the cell will not be held as 
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tightly. Nonetheless, children will find 
a way. So it’s best to keep the Trees well 
away from children. 

You might consider adding a little 
glue or silicone sealant to the side of 
the cell to make it harder to remove, 
or even wrap the tree in a piece of 
large-diameter clear heatshrink tubing, 
which would also provide a measure 
of protection against being dropped, 
getting splashed etc. 


Programming 

If you have a pre-programmed mi- 
crocontroller (eg, from the SILICON CHIP 
ONLINE SHOP), you don’t need to worry 
about this step and can jump ahead to 
the completion step. 

To program the PIC requires a suit- 
able programmer, such as PICkit 2, 
PICkit 3 or similar. While a five-way 
header can be soldered onto the pads 
at the bottom of the PCB, you can also 
press it in place for the duration of the 
programming if you only intend to do 
this once. 

Not having the header soldered in 
place will also make it easier to break 
off the tab later. 

Load the HEX file (available for 
download from the SILICON CHIP web- 
site) into your programmer applica- 
tion and plug the header strip into the 
programmer. The pin marked with 
the arrow symbol on the programmer 
should line up with pin 1 of the header. 
This is marked on the back of the PCB 
and also has a rectangular (instead of 
oval-shaped) pad. 

Then press the button to program 
the PIC. The LEDs should start flashing 
immediately, ifthe programmer is set to 
allow the PIC to run after programming. 

Unplug the programmer and fit a 
coin cell. Take care to avoid having a 
coin cell fitted while the programmer is 
connected, as most coin cells will not 
take kindly to receiving a charge from 
the programmer’s 5V supply. 

The LEDs should cycle up the Tree 
and from left to right. If one or more 
LEDs do not light up, check that they 
are correctly soldered and orientated. 

If only three or six of the LEDs are 
lighting, then one of the resistors may 
not be connected correctly, or one of the 
IC’s pins may not be soldered properly. 

If the pattern seems to be random, 
then your LEDs may have a mark on 
their anode instead of their cathode, 
which unfortunately sometimes seems 
to be the case. In this case, all LEDs 
will operate, but out of sequence. The 
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only solution is to remove and reverse 
them all. 

If you have a different problem, 
remove the cell and check your con- 
struction carefully before reinserting it. 


Completion 


Once IC1 has been programmed and 
all the LEDs are operating correctly, the 
programming header can be removed. 
You may wish to leave it attached if you 
want to reprogram the IC later (eg, to 
change the pattern) or use the header 
to apply power to the board. 

We think that the tree looks nicer 
without it. 

There is a row of small holes across 
the end of the PCB so that it can be 
snapped off cleanly. Before snapping, 
gently score or file along this line on 
both sides of the board, to break the 
copper tracks. If this is not done, the 
traces may tear and lift off the PCB, 
causing damage to tracks that you need 
for it to operate. 

Once scored, snap off the end of the 
PCB with a wide-jawed set of pliers. 
You can then file down the rough edge; 
it’s best to do this outside and with a 
face mask so that you do not inhale any 
fibreglass dust. 








Here’s what you get: 


5 SMD resistors 
1 5-pin header 








siliconchip.com.au 


You’ve read the article... 


1 PCB cell holder and CR2032 cell 


Hurry! Stocks won’t last long - 
Ghristmas is just 7 weeks away! 


Priority Orders NOW via siliconchip.com.au/shop/led-tree (Quote kit cat no SC5180) 
Or via email (don’t forget your details including credit card!): silicon@siliconchip.com.au 
+ Or via mail (don’t forget your details including credit card!): PO Box 139, Collaroy nail 2097 


If you want the tree to stand up on 
its own, you could instead leave the 
bottom tab in place and solder a short 
piece of wire to the centre pad. This is 
connected to ground, so care should 
be taken that this does not contact any 
other part of the circuit. 


Mounting 

There are two small pads near the 
top of the PCB which are designed to 
allow the Tree to be hung. 

A loop of wire can be soldered to the 
small, round through-hole pad right at 
the top, allowing it to be hung as a tree 
ornament. 

The square pad on the back can be 
soldered to a safety pin so that the Tree 
can be worn as a brooch. 


Changing the pattern 

The source code is included with the 
HEX file download from our website. 
This contains project files which can 
be edited with Microchip’s MPLAB X 
V5.05 or later (a free download). 

The sequence of LEDs is pro- 
grammed into an array near the start 
of the “main.c” file, so modifying the 
values within is the easiest way to 
change the pattern. 


1 pre-programmed PIC12F675-1/SN microcontroller 
1 tree-shaped PCB in your choice of red, green or white 
36 high-brightness LEDs: 12 each of red, green and white 


(Subscribers: with your & 
10%. discount, you pay 
just $13.50 +p&p) 


The pattern sequence can be made 
up to 255 steps long by changing the 
contents of the pattern[] array. The 
numbers refer to the physical position 
of the LEDs, with number 1 at the top, 
2 and 3 in the second row etc. The 
number 0 can be used to have no LEDs 
lit for a step. 

As mentioned earlier, our first proto- 
type used 100Q LED current-limiting 
resistors instead of 1kQ. This made the 
LEDs much brighter, but the button cell 
did not last anywhere near as long. But 
if you just want the ornament to run for 
a few days over Christmas, that would 
be a good option. 

Alternatively, if you have a source 
of 5V DC power, you can opt for the 
brighter option and power the Tree 
via pins 2 (5V) and 3 (GND) of the 
programming header, or via the coin 
cell holder pads. 

You can also paint the PCB if you 
wish to change the appearance or 
add some colour, although it would 
probably be easier to purchase some 
different-coloured PCBs from our 
Online Shop. 

As noted earlier, we will have boards 
with green, red and white solder masks 
available. St 


7 


@ LED MINT CHRISTMAS TREE, Ga 


Brighten up your Christmas with the 
SILICON CHIP DIY LED Mini Christmas Tree 


you've seen how easy it is to build . . 
§ get your own SILICON CHIP LED Mini Christmas Tree kit in time for the season! 










. NOW 


ALL THIS “4. 
FOR ONLY -¥- 
$15.00 +p&p ae 
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ts f or! 
You know the problem: you want to give a 


Be/eon 
. Christmas Gift that will really be appreciated 2% Wehbe PP ef 


- but what to give this Christmas? The bi ge | 
FOjects: ge 


We make the 
impossible 


= 
+ ~=s possible! 
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Give them the Christmas Gift that Hie Sf 
KEEPS ON GIVING - E 
month after month after month: 


A GIFT SUBSCRIPTION to siLicoN CHIP a 


For the technical person in your life, from beginner and student through to the 
advanced hobbyist, technician, engineer and even PhD, they will really appreciate Aa 
getting their own copy of SILICON CHIP every month in the mail. oe 


Aq 
So 
‘ 





They're happy because they don’t have to queue at the newsagent each month. 
You're happy because it actually costs less to subscribe than buying it each month. 


Ei CHOOSE FROM 6, 12 OR 24 month subscriptions 
= Start whenever you like (Jan-Dec is very popular!) Xe 


3 You can include a message with your Be as well - 
to let them know that you’ve thought of them! 


Ordering vour gift subscription is easu! i 


ONLINE ma PHONE (9-5, Mon-Fri) PAYPAL (24/7) eMAIL (24/7) VN & jor “a 
OR OR oS 







Pisce 





Your Log onto siliconchip.com.au Call (02) 9939 3295 with your order Use PayPal to pay silicon@siliconchip.com.au All order details - including 
Order: Click on [subscriptions] (including credit card details) - silicon@siliconchip.com.au with order & credit card details credit card details & contact no 
and fill in the details! and tell us who the gift is for! Don't forget to include all details! include your contact info! to PO Box 139, Collaroy NSW 2097 
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NOW 
4K UHD | $949 
DASH SAVE $30 


CAMERA 


WITH GPS 

Records ultra-high definition 4K video (2160p), audio, 
speed and location to microSD card as you drive. Built- 
in GPS. 150° ultra-wide view. 2.4” colour LCD. 

QV6002 iGO80 WAS $279 

(64GB microSD card XC4993 $69.95 sold separately.) 
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SYSTEM 








BUNDLE DEAL 


Hardcore 
electronics by 
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23 November, 


Tech Talk: 
Biometric 
Security 


Thanks to biometric technology, 

your finger is now your key! There's 

no need to remember your PIN or 
password, or worry about losing your 
keys, swipe card or remote. Now you 
can gain access with a simple swipe of 
your unique fingerprint, which of course, 
nobody can steal, copy, or read over your 
shoulder. Plus with the added benefit of 
providing access to other users, means 
there's no need to cut multiple keys or 
share passcodes. Choose from the 
user-friendly locks shown here or 

build your own biometric access 

system using the XC4636 

fingerprint scanner. 





$4995 
FINGERPRINT 


SENSOR 
MODULE 


Add fingerprint access 
control to your next Arduino 
or Raspberry Pi project. Runs 
off 3.3V and TTL serial to 
send data back and forth between the 
mainboard and fingerprint sensor. Auto-learning 
feature improves the fingerprint recognition. XC4636 
See website for more information. 






JUST 


$7995 


LUGGAGE PADLOCK 
WITH FINGERPRINT 
SCANNER 

Unlock this modern padlock i 
using your fingerprint. Built- : 

in rechargeable battery and | 
conveniently charged from USB 

(cable included). IP66 waterproof. = 
Stores up to 10 fingerprints. <= 
LA5129 


JUST 
$795 9 
BLUETOOTH® CONTROLLED § 
PADLOCK WITH 
FINGERPRINT SCANNER 
Unlock by simply swiping your 
finger or by using an app on your 
Smartphone. Up to 1000 unlock 
records. Over 2800 continuous 
unlocks. Charge via USB. IPX7 


weatherproof rated. Stores up to 
15 fingerprints. LA5140 





PIR MOTION 
SENSOR 

Add this tiny module 
to your project to 
detect movement. 
XC4444 RRP $5.95 





FROM 
9 $4995 $SJAQ QM3582 
E€SP32 MAIN BOARD SAVE 15% POWER BANK HIGH QUALITY iinceaaaiin 


WITH WI-FI & BLUETOOTH® 

The main brain of your Intruder Alert project. 

Powerful dual core microcontroller that sends 
notification alert when movement is detected. 
XC3800 RRP $39.95 





SECURITY CAMERAS 
High quality. Indoor/outdoor use. IP6é6 rated. 


THEFT PREVENTION KIT 


SAVE 6 $30 








SURVEILLANCE LED MONITORS 

High performance monitors with wide viewing angles 
and exceptional picture quality that is ideal for any 
surveillance installation. 


WITH USB & CABLE 
Keep your project powered 
even during blackouts. 

2600mAh. MB3793 


RRP $14.95 21.5" 1080P OM3582 $249 
27" 4KUHD QM3584 $599 Special Order Only 
QC8639 
NOW 
s 249 
\ 
SAVE $50 





INSPECTION CAMERA WITH 3.5" 
DETACHABLE WIRELESS LCD 


View and record video and pictures in 





DUMMY CAMERA JOOTVL Bullet QC8653 WAS $79.95 NOW $59.95 SAVE $20 = confined and dark locations. IP67 rated 
Includes 2 x dome cameras, 2 x bullet 720P Bullet QC8637 WAS $99.95 NOW $79.95 SAVE $20 = camera and flexible boom. 2.4GHz wireless 
cameras and a CCTV security window sticker 720p Dome QC8639 WAS $99.95 NOW $79.95 SAVE $20 _ transmission. Hook, mirror, magnet & 2GB 
to warn thieves off. LA5336 WAS $59.95 1080p Dome ©C8687WAS$129 NOW$99 SAVE$30_ microSD card included. QC8712 WAS $299 





Shop the catalogue # wwwjaycar.com.au é I800 O22 888 


Tech Talk: 
Smart Access Control 


Now your home or office can have smart security access, just 
like large workplaces and modern apartment blocks. 


Adding RFID swipe card or PIN access to your premises 

can have many benefits over simple key lock systems. They 
can save you from managing key cutting or costly key lock 
replacement if keys are lost. You can keep track of who comes 
in and when, set temporary passwords for delivery people 
and tradesmen, restrict access to different times for different 
Passwords, cancel access to certain passwords, and so on. 


Visit our website for more information on each product or 
come in-store to discuss with our knowledgeable staff. 


NOW 


$199 SAVE $30 4 


SAVE$50 i le 


; 
WITH BLUETOOTH® TECHNOLOGY . 

Replace traditional door locks and enable users to 

gain access by using an App via Bluetooth® on their 
smartphone or tablet, or a unique passcode entered 

on the keypad. Generate codes on a smartphone. Long 
battery life. Fits doors 32-48mm thick. LA5095 WAS $229 


WI-FI RFID .& 
ACCESS KEYPAD 

Control doors remotely with your Smartphone via free app. 
Used as a standalone access card reader or controlled by an 
external access controller. Includes a timer function allowing 
people to access for a temporary period of atime. 12VDC. 
IP65 rated. LAS358 WAS $249 


NOW : Now 


$6995 $109 


SAVE $20 SAVE $20 SAVE $50 


RFID ACCESS CARD READER 

A robust mini access card reader which can be used 
as standalone or slave with an Wiegand 26 input 
access control system. Reads EM & HID RFID cards. 
Large capacity for up to 10,000 users. 12VDC. 
LA5351 WAS $89.95 


DIGITAL KEYPAD WITH 4 DOOR RFID ACESS CONTROLLER 
RFID ACCESS CONTROL Control up to 4 doors, 4 readers and 4 exit buttons. 
Suitable to areas requiring stricter access control such Perfect for large or small businesses with up to 

as warehouse, bank, prison etc. Housed in a sturdy |P65 20,000 users and permanent entry logging up to 
vandal proof zinc alloy case. Support up to 2,000 users. 100,000 times. Anti-passback. Multi-card entry. 
Indoor/outdoor mounting. 12-24VDC. 12VDC. LA5359 WAS $299 

LA5353 WAS $129 


NOW J JUST NOW 1) Just 


$3995 


SAVE $5 


$4995 $5995 


$6 495 ~E 
SINGLE CHANNEL SAVE $10 


KEYFOB REMOTE a ; ONE 


ELECTRIC DOOR 
STRIKE 

Upgrade your conventional 
door locks to keyless entry 
electronic access. Suitable 
for narrower doors. 
Fail-secure model. 

© 12VDC, 450mA 

LA5077 WAS $44.95 


Multi-purpose 

replacement remote 

control keyfob for garage 

doors or security gates. 

Single button control. 

27MHz transmission. 

* Requires 1 x A27 battery 
(not included) 

LR8847 


NON-CONTACT 

INFRARED DOOR 

EXIT SWITCH 

Replace your old push 

button switch to this 

infrared sensor switch to automatically 
opens the door with just a wave of your 
hand. Stainless steel plate with built-in LED 
indicator. 12VDC. LA5187 WAS $69.95 


Buy online & collect in store 


CHANNEL 
CONTROLLER 
Multi-purpose 
replacement remote control for 
garage doors or security gates. 
27MHz transmission. 
¢ Requires 9V battery 

(SB2423 $3.95 sold separately) 
LR8827 





What is an IP camera? 


An IP camera is a networked digital camera that transmits data over a fast 
Ethernet link. IP cameras (also called “network cameras”) are most often 
used for IP surveillance, a digitised and networked version of closed 
circuit television (CCTV). 

The benefits over analogue technology include: 

¢ Remote administration from any location 

¢ Send images and video anywhere with an Internet 








connection 
¢ Adjustable frame rates and resolution 
* Lower cabling requirements 
¢ Support for intelligent video 
* Digital zoom 
¢ Progressive scanning 
¢ 2-way communications 
© Sends alerts if suspicious 
activities are detected 


NEXTECH 


1080P WITH 
INFRARED 
ILLUMINATION 

Using the free iOS™ and 
Patol colo lsianr-1auolatelat-m-]e) ©) 




















QC3856 
| OUTDOOR USg 


QC3858 


1080P 
WI-FI 
CAMERA 


WITH SECURITY ALARM 
Use as a stand-alone camera 
to record audio and video or 
expand it with sensors (sold 
separately) to turn it into a 
security system. 

QC3870 RRP $129 


Wi-Fi 





PIR SENSOR 

¢ 12m detection range 
1 year battery life 
QC3876 RRP $29.95 


REED SENSOR 
¢ Protects against intrusion 


QC3874 RRP $19.95 
PANIC BUTTON 


Wel Mor-lameolnlat-toum conta) $129EA. 1080P WITH PAN/TILT 
camera and adjust Free iOS™ and Android app 
camera parameters, 39 y to remotely access the camera, 
review footage, ea pan, tilt, review footage, etc. 
(ion @1@K sore) using your Smartphone, iPad 

SAVE $30 or Android tablet. QC3858 























SAVE $30 


1080P WITH 
LED SPOTLIGHTS 
Infrared LED's automatically turn on in 
low light, with spotlights for illuminating 
a path for visitors and deterring thieves. 
Includes 2 way audio and phone push 
notifications. QC3857 WAS $169 





NOW 


$3995 
SAVE $10 


1080P MINI 
CAMERA WITH IR LEDS 


Ideal for covert home security, retail 


Supports AHD, TVI, CVI & CVBS. Easy 
installation. IR for night vision. Up to 10m 
range. QC8651 WAS $49.95 

In-store only. 


at \\ ities 


pe 


2.1mm DC CONNECTORS 
Comes with screw terminals. 3.0A rated. 
Plug —PA3711 

Socket PA3713 


a1\2 


More ways to pay 





stores or even in car or truck surveillance. 


QC3872 RRP $19.95 


QC3872 ©* 
ee 
e 
e 


NOW 


$5995 


SAVE $10 a *. 


7e20P WITH 
INFRARED LEDS 


Ultra-easy pairing setup. 2-way 
audio communication - so it 
can be used for access control 


li 


QC3876 


functions. IR LEDs for night time 
use. Includes USB mains power 
adaptor and USB charging cable. 
QC3849 WAS $69.95 


NOW 


$ 69°75 
SAVE $30 


CAMERA DETECTOR 
Detects hidden wired 

and wireless cameras 
through the units lens 
finder. Built-in wireless RF 
detector. Comes with a set 
of earphones for complete discrete bug 
detection. Requires 2 x AAA batteries 
(SB2426 $1.75 sold separately). 
QC3506 WAS $99.95 


FROM 


$4 gs 


CCD CAMERA 
POWER SUPPLIES » 
12VDC regulated plugpacks ideal for 
CCD cameras. 

12VDC 500mA MP3011 $19.95 
12VDC1.5A MP3486 $24.95 











ONLY ~* a 
$7495 
1080P PEN CAMERA 


Tiny camera and microphone to record 


up to 70 mins of quality audio and video. 


Records to microSD card (32GB card 
XC4992 $36.95 sold separately). 
QC8202 

Not to be used in areas where there is an 
expectation of privacy. 


EXTRA LONG CCTV 
EXTENSION CABLES 
Great for connecting surveillance 
cameras. Video & power. Compatible 
with most DVR systems. 

30m WQ7283 $19.95 

60m WQ7287 $39.95 


* Trigger security system in duress 





NEXTECH 


SECURITY 
BUNDLE DEAL 


$149 


SAVE $498 





VALUED AT $198.85 
Includes QC3870 + QC3876 
+ QC3874 + QC3872 


NEXTECH 






amazon alexa 


ENABLED 


View live 
footage ona 
Smartphone. 
Smartphone 
not included. 


\ 003874 


JUST 


$8995 


MINIATURE 1080P 
WI-FI IP CAMERA 
Stream and record video in HD 

with this tiny Wi-Fi IP camera. Record to 
microSD card (32GB card XC4992 $36.95 
sold separately). Infrared night vision. 

* Only 42mm dia. 

QC3862 





AC/DC - DC CONVERTER 

Solve your power cabling problem 
quickly and easily by sending 24VAC 
down the long run, then converting it to 
12VDC. Connection is by screw terminals. 
1A max. MP3350 





on sale 24.10.19-23.11.19 5S 


Your destination for projects & DIY. 


id all aL em eXeys1] 6) (-¥ 











Control your devices via relays anytime, anywhere! 


Easy two-part setup: CONNECT any appliance or device you 
want through the relay module, then use the built-in web-app 
to CONTROL them via smartphone or computer. 

Great for automatic plant watering kits, testing devices, 
controlling lights, etc. 


Relays handle up to. 10A current and are not suited 


for mains power. 


SKILL LEVEL: Beginner 
REWARDS CLUB 
BUNDLE DEAL 


$4995 


SAVE 20% 


KIT VALUED AT $65.85 


SEE STEP-BY-STEP INSTRUCTIONS AT: 
www.jaycar.com.au/wifi-relay-controller 


1 x UNO Board With Wi-Fi XC4411 $39.95 
1 x 8 Channel Relay Board XC4418 $19.95 
1x 150mm Plug To Socket Jumper Lead Pk40 WC6028 $5.95 


See other projects at www.jaycar.com.au/arduino 


NOW 


$4 99s 
SAVE $5 


ALARM RELAY MODULE 
Enables you to supply an 
external power source so as not 
to overload the power supply 
and switch high currents to 
multiple sirens and strobe lights 
in large alarm installations. 15A 
current. NO and NC contacts. 
LAS558 WAS $24.95 





JUST 


$4 595 


SIMPLE INTRUDER ALARM KIT 
Project *6 in Short Circuits Ill series. 
Simple design features a normally open 
and normally closed input, 40 second 
siren duration and triggered LED 





indication. Kit includes PCB, buzzer and NOW 
electronic components. Instructions sold 
separately. KJ8060 $4 99s z 
< 
SAVE $8 
US 2 m Hn Sesteisre 
KF o SOmERES Hay 
PCB ZT” MID-SIZED BREADBOARD 








» JUST 


$3 49s 


ETCHING KIT 
Complete with assortment of 
double-sided copper boards, 
etchant, working bath and tweezers. 


Prototyping breadboard with 400 tie 
points. PB8820 


SCREAMER CAR ALARM KIT HG9990 WAS $27.95 

Project *7 in Short Circuits III series. 

A more sophisticated alarm including JUST JUST 

entry/exit delay, flashing deterrent 

light, soft warning alarm and deafening $495 $4 1 50 

internal siren. Kit includes PCB, siren and 

electronic components. Instructions sold ETCH RESISTANT AND ELECTRONIC 

separately. KJ8062 WATERPROOF PEN CIRCUIT BOARD 
Excellent smudge-proof and CLEANER 


Removes flux & 
grime leaving the 
track work and 
board clean. 175g. 
NA1008 


waterproof qualities. Dries in 
seconds. TM3002 
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Upload your idea at 
projects.jaycar.com 
If we produce or publish your 
electronics, Arduino or Pi project, 
we'll give you a complimentary 


$100 gift card. 









BOARDS FROM 


$4995 


REMOTE CONTROL RELAY BOARDS 


Add remote control functionality to your project. 


Each channel can be set to momentary or 
latching mode to suit your application. 
40m max transmission range. 12VDC. 

2 Channel LR8855 $49.95 

4 Channel LR8857 $69.95 

2CH Remote Control LR8856 $16.95 
4CH Remote Control LR8858 $19.95 


FROM 


$450 





HP 9540 





PC BOARDS - VERO TYPE STRIP 
Alphanumeric grid, pre-drilled 0.9mm, 
2.5mm spacing. 


95 x 75mm HP9540 $4.50 
95 x 152mm HP9542 $7.95 
95 x 305mm HP9544 $11.50 
JUST 

PCB WASH 


DEFLUXING SOLUTION 
Removes flux and residue 
from circuit boards to provide 
an extremely clean and 
contaminant free surface. 
Non-flammable. Water- based 
(biodegradable). 1L. NA1070 
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ARDUINO® COMPATIBLE Ma 
This icon indicates that the 

product will work in your 

Arduino® based project. 


This icon indicates that the 
product will work in your 
Raspberry Pi project. 





NOW : 

Gam = BF ou. 
$74 Dwoao ea 
SAVE $25 mae ge 


mS BS e& 
Bo a 
2 2a 


37-IN-1 SENSOR KIT 

Get more savings by purchasing this 37 
modules-in-1 pack. Includes commonly 
used sensors and modules for 

Duinotech and Arduino®: joystick, 
magnetic, temperature, IR, LED and more. 


See website for details. XC4288 WAS $99 
$4495 4s > 
SAVE $5 


RFID READ AND WRITE KIT 
Allows you to both read and write 
MiFare-Type RFID cards. Includes one 
credit-card style tag and one key-fob style 
tag. 3.3VDC operating voltage. Includes 2 
tags (1 card, 1 fob). XC4506 WAS $19.95 


ra] 
B 
rE 
























NOW 





16 KEY TOUCH 

KEYPAD MODULE 

Compact 16 key touch interface for your 
Arduino® compatible project. Works on 
2.4-5.5V. Onboard power indicator. Two 
wire serial data interface. XC4602 


SAVE $9%° . 


VALUED AT $59.85 
Includes XC4403 + 2 x XC4404 







RETRO NES CASE 
Includes access to all ports on your Raspberry Pi and a 
handy storage slot for your spare memory cards. Just add 
a Raspberry Pi and power supply for set-up, download 
games from web and start gaming! XC4403 RRP $39.95 





RETRO NES STYLE CONTROLLER 


ce] 
SNES layout. Features A/B/X/Y buttons, start, select, and 
direction controls. XC4404 RRP $9.95 — 
= = = = se 


Programming 
Arduino 


Getting Started 
with Python 





JUST 


$9995 


JUST 


$9495 =n 


imagination. 






$4 495 Coin 


GPS RECEIVER MODULE 


WITH ON-BOARD ANTENNA 
Add GPS functions to your next Arduino project. 2.5m accuracy to pin 
point your location. Flash memory retains data even when power is 

disconnected. Use the on-board antenna or the SMA socket to 





attach an external antenna to improve reception. XC3710 _g 





8 x 5 RGB LED 

MATRIX SHIELD 

Create dazzling LED displays with 
this RGB LED Matrix Shield that 
simply plugs directly onto your UNO 
compatible board. Stackable design. 
Built-in driver IC circuit. XC3730 


JUST 
$95 


10KQ SLIDER 
POTENTIOMETER MODULE 
Easy-to-install slide potentiometer for 
your Arduino, ARM, or microcontroller 
project. Dual analogue output. 0-VCC 
analogue voltage signal output. 3.3V 
and 5V applications. XC3734 





GPIO EXPANSION SHIELD 
Attach this shield to your Raspberry 

Pi for high precision AD/DA functions. 
Includes an expansion shield for 
connecting multiple devices. XC9050 













docks’ 
FROM” 


$9495 
OLED DISPLAY MODULES 
Add display to your next product. 
Compatible with Arduino and 
Raspberry Pi. Colour may vary. 
1.3"MONO XC3728$24.95 
1.5" COLOUR XC3726 $69.95 





TRI-AXIS DIGITAL 

TILT SENSOR 

High performance acceleration 
sensor to detect direction (transverse/ 
longitudinal), as well as free fall, pulse, 
and shake detection. 12 bit and 8 

bit digital outputs. I2C digital output 
interface. XC3732 


DIGITAL AUDIO CONVERTER 
Used this module to create your own 
Raspberry Pi based music player or 
just improve the sound quality from 
your Raspberry Pi. XC9048 









STARTED WITH SKETCHES 


Entry level book. Introduces you to the 


and more sophisticated applications. 
BM7133 


In the Trade? 


PROGRAMMING ARDUINO: GETTING 


Arduino® programming language (called C). 
Describes the basic configurations of Arduino 
modules. Finishing with a discussion on C++ 


PROGRAMMING THE 
RASPBERRY PI 

Great introduction to Python. 
Excellent library support for the Pi's 
hardware. Includes a comprehensive 
language guide, graphical interface 
creation, games, hardware 
interfacing and even a robot project. 
BM7160 


JUST 
$795 


COPPER HEATSINK 

Helps dissipate extraneous heat. Self 
adhesive pads for peel and stick use. 
Pk2. HH8584 


ONLY 
$395 


STACKABLE HEADER 

2 x 20 stackable header. Perfect fit for 
the 40 pin GPIO header. Extended 
body for extra spacing. HM3228 





onsale 24.10.19- 23.1119 57 


Your destination for the best rewards & perks: 
Love jaycar? You're going to love our rewards! 


b=) sTe) ») Earn Points Get Rewards + Perks 


In store & online For dollars spent eCoupons for future shops in store Offers, event invitations, 
1 point = $1 200 points = $10 eCoupon account profile and more... 


Ue S SAVE $30 
SAVE $30 SAVE $20 
$20 aap aceesvoves wiretess 


ALL-IN-ONE LEARNING KIT : 3.5" HEAD-UP DISPLAY WITH GPS Control up to 4 different devices 
Great starter kit for your Arduino projects. j Displays vehicle speed, compass etc. 12/24VDC with a single controller. 
See website for details. XC3900 REG $79.95 4 operation. LA9032 REG $69.95 LR8824 REG $99.95 


"8 


30” ' TS 40” 





50” 20” 





5M TOSLINK FIBRE OPTIC DEOXIT CONTACT 120MM THIN BALL ANTI-TAMPER 4-GANG 
AUDIO LEAD CLEANER SOLUTION KIT BEARING COOLING FAN CIRCUIT BREAKER 
Suitable for home theater audio setups. NS1436 REG $29.95 CLUB $22.95 12VDC. Help ventilate enclosures. 4 x 16A/12VDC. Translucent panels. 


WQ7297 REG $24.95 CLUB $12.45 YX2518 REG $28.95 CLUB $19.95 SZ1926 REG $29.95 CLUB $17.95 





35% 25% 20% 25% ' 





3OW MINI POWER SUPPLIES ABS 30M SPEAKER CABLE PROTOTYPING BOARD SHIELD 
5/12V 6/2.5A. High power density. INSTRUMENT CASE Extra heavy duty Fig 8. Stackable. Includes reset button. 
MP3301-MP3302 330(W) x 120(H) x 280(D)mm. WB1713 REG $74.95 CLUB $59.95 XC4482 REG $15.95 CLUB $11.95 


REG $39.95ea CLUB $24.95ea HB6381 REG $69.95 CLUB $49.95 








25%: 20% —W 25% 


DIGITAL LIGHTMETER ALPHANUMERIC DOT CCD CAMERA EXTENSION LEAD LARGE GLUE GUN 


3.5 Digit LCD display. Data hold. MATRIX LCD MODULE 10m. RGS9U video cable. 24 gauge Mains powered. 100W. 
Separate photo detector. 2 Lines of text. Displays up to 16 characters. power cable. TH1999 REG $19.95 CLUB $14.95 
QM1587 REG $59.95 CLUB $44.95 QP5516 REG $19.95 CLUB $14.95 WQ7276 REG $34.95 CLUB $27.95 


EXCLUSIVE CLUB OFFER 


I 
20% OFF Your club. your perks! : 


CCTV CAMERA ACCESSORIES’ . ee up to date with the latest offers and what's 


www. : r 
*Includes Dummy cameras, surveillance stickers & camera extension leads. vert BAe Jaycar. Sonya ane hub 7 


=} =} Qpiccceccnea) Buy online & collect in store 





Tare /olanel a 


3-IN-I 
PRINTER 


3D PRINTER/CNC/LASER ETCH 
3D print, engrave and laser cut 
with a single machine. Easy 
swap & interchangeable 
modules. Includes easy to 

use software. TL4400 

See website for details. 


JUST 


$1349)) 


¢ 3D PRINTING 
¢ LASER ENGRAVING 
¢ CNC CARVING 








WITH PURCHASE OF 
THESE LAB POWER 








The most cost effective solution for your laboratory SUPPLIES 

use, electronic and communications equipment 5 (QM1321 valued 

maintenance, our range of highly efficient and — at $34.95) 

reliable benchtop power supplies are specially 

selected to suit your unique testing and servicing Ze 

ae : 222 

applications. Using proven technology, they are SSS 

designed for a long service life. Features include 222 

low noise, low ripple gor — 

and protection = — ~ 

against ue a. ; 3 

overload and ee iz ; [age Ha 

short circuit. 223 1 322247 
3: 
ce = J = ZF 
; eee Geog 

ONLY ONLY — ONLY 

$999 $179 $399 

FIXED REGULATED DUAL OUTPUT 

Fixed output voltage. High powered, variable Dual output operated independently. 

Short circuit protection. or fixed output voltage. Digital voltage and current meters. 

* Output Voltage: 13.8VDC ¢ Output Voltage: 0-30VDC © Output Voltage: 2 x 0-32VDC 

© Output Current: 5A ¢ Output Current: 5A * Output Current: 0-3A (x2) 

¢ 130(W) x 320(D) x 160(H)mm © LED display ¢ LCD backlit display 

MP3096 © 270(L) x 120(W) x 185(H)mm © 260(W) x 400(D) x 185(H)mm 

MP3840 MP3087 
NOW _ ~ ONLY NOW 
$9995 nil ie $995 $995 
SAVE $10 — SAVE $4 


ANTI STATIC FIELD 
SERVICE MAT 

Mat folds out to work area of 600 x 600mm 
(approx). 2 pouches at one end. Ground lead 
and wrist strap included. 

TH1776 WAS $39.95 


ae BRUSH 


Use it to clean anything where 


static is a problem. 178mm 
long. TH1775 





ANTI STATIC WRIST STRAP 
Adjustable hook and loop wrist 
strap, coiled lead and banana plug/ 
alligator clip. Expanded lead up to 
1.8m long. TH1780 WAS $13.95 





JUST 


$1299 


al 70 a 


BL eyANG 
FILAMENT 


3D PRINTER CR-X 
Allows you to combine 
colors and materials 
creating high-quality 
prints. 300 x 300 x 
400mm print area. Over- 
sized bed screws for 
leveling the print bed. 
Dual cooling fans. SD 
memory card slot. 
TL4410 


¢ DUAL COLOUR PRINTING 
¢ 4.3" COLOUR 
TOUCH SCREEN 
* SILICON PRINTING 
PLATFORM | 
* LARGE POWER SUPPLY ° 





NOW . we 


$2495 f 
SAVE $5 ’ 
STAINLESS 


CUTTERS & PLIERS SET 

Set of five 115mm cutters and pliers for 
electronics, hobbies, beading or other 
crafts. Soft ergonomic grips. TH1812 
WAS $29.95 


ONLY —_ —- 
$9495 ee: 
Miobef tts: 
100-PIECE ere 
DRIVER BIT SET (Ue aire 


Includes magnetic 
holder, Phillips bits, 
slotted bits, torx, 
tamperproof, pin 
drive, wing nut 
driver etc. Suits standard 
1/4 inch driver handle. 
TD2038 





ONLY 


$9995 


27 PIECE 
SMARTPHONE 
REPAIR KIT 
Contains all necessary 
tools you need to fix 
your Smartphone from 
4mm bits, tweezers & 
more. Compact storage. 
TD2118 


‘ith 
wai | 
i= bY 
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PWM’ SOLAR CHARGE 


CONTROLLER 


Keep an eye on your power system without having 


to stare at an unsightly controller cluttering your 
RV or boat's interior. Compatible with lead acid 
and LiFePO4 batteries. 12/24V operation. 


PWM charging. MP3764 
*PWM = Pulse-Width Modulation 


ea 
JUST 


$3 49s 


2-IN-1 USB TYPE-C AND 
3.5MM AUDIO ADAPTOR 
Allows you to listen to music and 
charge your USB Type-C enabled 
smartphone, tablet or laptop 

up to 60W at the same time. 
Supports fast charging of up to 
2.4A.WC7934 


FROM 


$4 495 


JUST 


49% 


8-STATE INTELLIGENT LEAD ACID 
AND LITHIUM BATTERY CHARGER 
6V/12V dual function charger. Suitable for 
Lead Acid and LiFePO4 batteries. Safety timer, 
short circuit and overload protection functions. 
Dust and weatherproof rated. MB3900 

Due Early November 


JUST 


$119 


WIRELESS UHF LAPEL 
MICROPHONE SYSTEM 

Suitable for spruiking, busking 

2 and other events. 7 selectable 
y frequencies. USB and microSD card 
g playback. Uni-directional lapel mic. 
USB rechargeable batteries. AM4049 


| 


ONLY 


$95 


3.5MM LEAD WITH 
MIC & VOLUME CONTROL es tes 


Add a microphone and in-line 


controls to your favourite 
headphones or earphones. 
Socket-0.5m WA7120 $14.95 
WA7122 $16.95 


Plug - 1m 


DUAL USB CHARGE LEAD 
Power or charge two devices from 
one USB port. 2 x USB Type A 
sockets. 300mm long. WC7776 


JUST 


$9995 


3-DRAWER STORAGE BOX 
Store your electronic components, 
parts, crafting accessories, etc. 

to this portable storage box. 

3 safety locked drawers. 
Removable separators. 

Carry handle. 

HB6334 


Due Early November 


JUST 


$9495 
eee 

48 PIECE SCREWDRIVER SET 

Made from S2 tool steel and hardened to 58HRC 

for continued reliability. Suitable for Smartphone, 

game consoles and other electronics gadgets 

repairs. Magnetic storage for bits. 

Includes carry case. TD2134 


JUST 
$95 


SAFETY GLASSES 

WITH LED LIGHTS 

Protect your eyes and shine a light 

on what you're working on with these 
safety glasses. Individually switched LED 
modules. Adjustable arm lengths. TH3000 


TERMS AND CONDITIONS: REWARDS / CLUB MEMBERS FREE GIFT, % SAVING DEALS, & MEMBERS OFFERS requires ACTIVE Jaycar Rewards / membership at time of purchase. Refer to website for Rewards / membership 
T&Cs. IN-STORE ONLY refers to company owned stores and not available to Resellers. Page 1: Intruder Alert Bundle applies to 1 x XC3800 + 1 x XC4444 + 1 x MB3793 for $49.95, Page 3: IP Camera Bundle applies to 1 x QC3870 
+ 1x QC3876 + 1 x QC3874 + 1 x QC3872 for $149. Page 4: Rewards Club Project Kit: Wi-Fi Relay Controller for $49.95 when purchased as a bundle (1 x XC4411, 1 x XC4418, & 1 x WC6028). Page 5: Retro Gaming Bundle applies 
to 1 x XC4403 + 2 x XC4404 for $49.95. Page 6: Club Exclusive Offers: 20% OFF CCTV Camera Accessories applies to Jaycar 611H: CCTV CAMERA ACCESSORIES excluding LA5336, WQ7276, WQ7283 & WQ7287. Page 7: FREE 
Multimeter (1 x QM1321) with purchase of MP3096, MP3840 or MP3087 Lab Power Supply. 


NEW STORE 


Hervey 
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For your nearest store 


& opening hours: 


U 1800 022 888 


4 www.jaycar.com.au 


Over 100 stores & 
s0C 10 a=131-11(-1esmat-lelevaliare(=) 


jaycar 


HEAD OFFICE 

320 Victoria Road, 
Rydalmere NSW 2116 
Ph: (02) 8832 3100 
Fax: (02) 8832 3169 


ONLINE ORDERS 
www.jaycar.com.au 
techstore@jaycar.com.au 


Arrival dates of new products in this flyer were confirmed at the time of print but delays sometimes occur. Please falar] 
your local store to check stock details. Occasionally there are discontinued items advertised on a special / lower price 
in this promotional flyer that has limited to nil stock in certain stores, including Jaycar Authorised Resellers. These 








SERVIEEMAN'S LOG Ee 


The alarming false alarm system 


I’ve written before about home alarms and 
the problems that DIYers like myself run into 
working on them. The main problem is that I 
don’t know what I don’t know, and given my 
proclivity to ‘have a go’, it’s no surprise that I 
sometimes come unglued. The silver lining is 
that everything is a learning opportunity; next 
time I’ll try again, and if necessary, bring in 
someone who knows what they’re doing. 


This means — rightly or wrongly — 
that I sometimes try to do jobs usually 
best left to professionals. However, get- 
ting a professional to do the job doesn’t 
guarantee that it’s done right either! 
Admittedly, my expectations might 
be unrealistic. But if I’m paying (usu- 
ally handsomely) for a job, I expect a 
certain level of competence when it 
comes to the final result. 

I'll be the first to admit that I’m an 
average serviceman; I win on some 
repairs and fail at others. My Dad, 
and then the airline I served with, 






siliconchip.com.au 





instilled in me the will and skills to 
do a good job, and this set my stand- 
ards high. Given the environment at 
the airbase, and the number of people 
who worked there, it is inevitable that 
there would be others far more capa- 
ble than myself. 

Those guys studied hard, got li- 
censed to the hilt and more often than 
not, saw out their careers pushing pa- 
pers in technical support. Then there 
were the guys who weren't as ‘book- 
smart’, but who were very manually 


skilled. 


~IT’S NO SURPRISE 
THAT 1 SOMETIMES 
COME UNGLUED 


Australia's electronics magazine 


Dave Thompson 


Items|Coverediihis)/Month 


Alarm systems with false 
alarms are alarming 


@ Two Yamaha amps and a Bose 
FX unit restoration 


@ Behringer RX1202FX 
12-channel mixer repair 


@ Rangehood repair 
















*Dave Thompson runs PC Anytime 
in Christchurch, NZ. 

Website: www.pcanytime.co.nz 
Email: dave @ pcanytime.co.nz 








I knew engineers who could weld 
wood to concrete without a visible 
bead, or strip jet engines or avionic 
systems, overhauling every compo- 
nent and then reassembling it all blind- 
folded (not that that was encouraged)! 

I was somewhere in the mix; eve- 
ryone had different skills, and with a 
bit of good fortune, we all ended up 
where we wanted to be, doing what we 
wanted to do. Now and then an extra- 
challenging job would come across 
the bench to spice up the workday. I 
sometimes miss being part of that en- 
vironment. 

Lately, I’ve encountered several 
‘professionals’ where tool skills didn’t 
seem to be part of their job require- 
ments. It pains me to shell out for a 
job that, even when viewed with hind- 
sight, we could have done ourselves; 
and sometimes done better. 

I’ve had workers come to service ap- 
pliances, repair water pipes and install 
fibre broadband and in all these cases, 
I reckon I could have done at least an 
equally good job. 

I know about as much about plumb- 
ing as I do about mathematical formal- 
ism in quantum mechanics. But with all 
due respect to plumbers, charging $700 
to zip-cut a metal pipe off and replace 
it with a plastic section over two hours 
is awfully steep. And the less said, the 
better, about the gas-fitter who scribed 
a divot into our brand-new benchtop 
when his power drill slipped. 
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BRO, THERE’S 
BETTER FICKINGS 
OVER THERE 









~SHOPPERS WALKED PAST WITHOUT A RAISED EYEBROW 


Icould have fitted that hob, or done 
the pipes; I just wasn’t “qualified” for 
the job. 

These situations remind me of the 
old yarn about the boilermaker who 
was brought in to fix the misbehav- 
ing boiler on a steamship. He walked 
in, looked around for a couple of min- 
utes, took out a tiny hammer and gen- 
tly tapped a valve. The boiler then 
worked perfectly. The ship owner was 
irate to receive a $1000 bill for this fix, 
and asked for an itemised invoice. The 
invoice he received read: 

Tapping the valve: 50¢ 

Knowing where to tap: $999.50 

Total: $1000 

So I guess my point is, you hire the 
professionals to do an easy job so that if 
it turns out not to be so easy, you don’t 
get into a lot of bother. But it’s still gall- 
ing when someone charges you a lot to 
do a sub-par job, especially when you 
know you could do better. 


Installing the old alarm system 

When we moved into this house, we 
installed a security system. This was 
for our own peace of mind and also the 
safety of my tools and my customers’ 
hardware in my workshop. (April 2018; 
siliconchip.com.au/Article/11033). 

It is debatable whether a neighbour 
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would even bother glancing at our res- 
idence if the alarm was blaring away. 
But it is nice to know that in a dimly- 
lit bunker somewhere across town, an 
operator is sitting at a console, waiting 
for our monitored alarm to go off, so 
they can send a security guard around 
and charge us a hundred bucks for the 
privilege! 

If I hear a nearby alarm sounding, 
I always wander down the street and 
have a look at what’s going on, even 
though I’m not sure what I could do 
if I do find something amiss. 

I’ve accidentally set my car alarm 
off in public several times. On one 
occasion, I’d locked myself out of it 
in a supermarket car park and was 
trying to break in. Shoppers walked 
past without a raised eyebrow, though 
admittedly some did look annoyed at 
the noise! 

My first stop was the alarm monitor- 
ing company we'd used for the last 20 
years. They had provided our original 
alarm system by way of a deal where 
you got the system free if you signed 
up for three years monitoring at a buck 
a day. We’d moved that system a cou- 
ple of times over the years and weren’t 
keen on moving it again. 

The bad news was the alarm com- 
panies don’t do those deals anymore. 
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I would be looking at “about a grand” 
to have a basic system installed and 
configured by Chap and Bloke, the 
two overall-clad likely lads who were 
contracted to do this company’s alarm 
installations. 

I'd had dealings with these guys in 
the past and wasn’t too impressed with 
their work, so I thought I’d check the 
internet first. 

There are literally thousands of 
alarm systems on AliExpress (one 
of my favourite websites back then), 
some cheap and some costly; the big- 
gest problem was which one to choose. 
Talk about upskilling by proxy; I had 
to learn and translate a whole raft of 
new acronyms and technical double- 
speak. 

lalso had some strict requirements; 
many of the newer systems used only 
SIM cards and the digital GSM (cellu- 
lar) network to send data to the moni- 
toring company. 

Not only does this involve an ongo- 
ing cost for any calls made from the 
alarm, but back then, the monitoring 
company couldn’t accept signals sent 
this way. So we had to ensure any 
alarm we installed used the increas- 
ingly ‘old-tech’ copper-wire based 
PSTN (Public Switched Telephone 
Network) system. 
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This proved to be no real problem 
as many compatible PTSN systems 
were available, and the majority of 
those systems used 433MHz wireless 
technology to connect sensors to the 
‘base’ unit. This was appealing on 
many levels, not the least of which is 
that I am getting too old to be crawl- 
ing around in the roof or under floors 
to route wires. 

I ended up purchasing a mid-level 
digital base unit with both PTSN and 
GSM capability, along with suitable 
wireless pet-sensitive PIR sensors, a 
couple of photo-electric smoke detec- 
tors and some magnetic door/window 
switches. 

I could have up to 99 zones with 
this system, and while this was a few 
more than I needed right away for Casa 
Thompson, it would allow me to ex- 
pand. Who knows, I might eventually 
add 92 more rooms to my house. Any 
more than that and I would need anew 
alarm system! 

Installing this system was as easy as 
it sounds, with the majority of the work 
going into deciding where to put the 
sensors and screwing their mounts to 
the walls or doorframes. Then it was 
just a matter of programming the base 
unit and adding the sensors to it. 

I wired in a copper phone line us- 
ing the supplied cable, which I first 
had to modify by cutting off the origi- 
nal RJ11 plug and crimping ona kiwi 
Telecom BT-style connector. I had a 


spare SIM, so for ‘belt-and-braces’ 
monitoring, I put that into the sys- 
tem as well. 

I then encountered the first hiccup: 
the new panel wanted to know my 
monitoring company’s phone number 
and my customer number, neither of 
which I knew. The only way to get this 
information was to call up the compa- 
ny, and of course, they weren’t about 
to dish that information to just any- 
body, and (quite rightly) didn’t want 
some cowboy messing around with 
their system. 

In the end, I had to book Bill and 
Bob to make a visit, just to watch them 
press a couple of buttons and make 
a test call to the monitoring centre. 
Note to self: make sure to factor an- 
other $200 into the cost of any future 
alarm system. 

For the most part, this alarm worked 
well. It came with four keyfobs for 
wireless arming and disarming, and 
these are extremely handy; especial- 
ly because after a few years, I forgot 
what codes I originally programmed 
into the panel for manual disarming, 
since I never used them! 


A flawed system 

One of the big downsides is replac- 
ing batteries in the sensors; the PIRs 
use that old standard, the 9V battery, 
but the window and door sensors chew 
up those little 12V 23A-style buggers, 
and neither are cheap to replace. Note 


IN THE END 1 HAD TO BOOK BILL 
AND BOB, JUST TO WATCH THEM 
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PRESS A COUPLE OF BUTTONS 
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to self: factor in many more dollars 
for batteries for any future wireless 
alarm system. 

Replacing batteries is to be expected, 
but as the voltage drops, some sensors 
get unstable, so we were continually 
having false alarms. In fact, this was 
usually how I found out that a sensor 
battery was going flat. Being rudely 
woken up at 4am by a shrieking piezo 
siren is not my idea of fun! 

Being at home when a false alarm 
happens is one thing; being out and 
about when it happens results in a 
whole other set of problems. The alarm 
calls the monitoring company, telling 
them what zone is triggered and what 
type of emergency it is (fire, intrud- 
er, panic etc). It also calls my mobile 
phone via the SIM with a pre-record- 
ed message with similar information. 

The problem, as I discovered, is 
that the monitoring company usually 
get straight on their phone to call my 
registered number to report the alarm 
going off. But they get a busy signal 
because the alarm system is repeated- 
ly calling me, tying up my phone. If I 
didn’t answer, they’d send a security 
guard around and charge us the fee. 

This can be a real pain, especially 
as Murphy’s Law dictates this happens 
only when I’m in an important meet- 
ing, driving, or sitting in the dentists’ 
chair. I soon reconfigured things to 
make this process smoother. Another 
lesson learned. Note to self: factor in 







NOVEMBER 2019 63 





many potential visits from security 
guards in any future wireless alarm 
system. 

Long story short, I got sick of con- 
stantly replacing batteries and pay- 
ing security guards to tell me we had 
another a false alarm. I can’t remem- 
ber our old wired system, which we’d 
used for decades, ever going off (un- 
less we tripped it accidentally). So I 
resolved a few months back to look 
for something similar to that and re- 
place this new-fangled-but-flawed 
wireless thing. 

I should also add that recently, the 
monitoring company let us know they 
had upgraded their system and could 
now do GSM signal monitoring. While 
this meant we might be able to ditch 
our old copper phone lines, they also 
said it would incur higher per-call 
costs than what we currently pay. 

Ibriefly pondered how that worked, 
since we paid for any alarm-generated 
cell-phone calls anyway, but gave up 
and decided to stick with the monitor- 
ing system we already had. 


Fed up with wireless hassles 

I found a new alarm system on Ali- 
Express almost identical to our old 
8-zone wired system, but with 16 
zones, a lockable metal box and PSTN 
dialling. It was quite reasonably priced 
and included a couple of fob remotes 
for wireless arm/disarm. 

I could also pick whatever sensors 
I wanted to go with it, and opted for 
three pet-sensitive and three ‘normal’ 
PIR/microwave combination sensors. 
These are Canadian-made, and appar- 
ently they have the lowest false-trigger 
figures in the business. I also got two 
smoke detectors and an extra keypad. 
All I'd have to add is a 12V SLA back- 
up battery and some cable; I already 
had a 100m roll. 

One obvious downside to this de- 
cision is the requirement to run those 
cables. This is usually not too much of 
a hassle in any normal house (at least 
here in New Zealand) with reasonable 
roof or underfloor space. 

However, our house was converted 
from a single to a double-storey home 
30 years ago. So much of the ground- 
floor ceiling space needed for routing 
cables has a whole other house sit- 
ting right above it, leaving almost no 
usable gaps. 

While there is a very narrow crawl- 
space around the perimeter of the 
roof, I (and a builder friend) pondered 
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this sensor location and cable-routing 
problem for weeks. We eventually de- 
cided that the only way was for one 
of us (that means me) to suit up, get 
into the roof space and to probe apt- 
ly-named fish tape (or fishing rods) 
through any gaps we could find be- 
tween the floors. 

Hopefully, we could route the wires 
as Close to the ideal sensor positions as 
possible. Ifthe worst came to the worst, 
I’drun the cables out through the roof 
tiles and around the eaves. Note to self: 
before buying wired alarms, check out 
potential cable access problems! 

I’m not claustrophobic enough to 
have a problem crawling around in- 
side the wing tanks of aeroplanes, but 
that was 35 years ago, and I had proper 
gear then. Wiggling through dark, spi- 
der-web and mouse dropping-infest- 
ed gaps I can barely fit my shoulders 
through while dragging a long fibre- 
glass pole is not howI pictured spend- 
ing my increasingly autumnal years. 

Someone had to do it, though. I am 
happy to report that with some surpris- 
ingly agile gymnastics and inspired- 
but-educated guesswork from both of 
us, we were able to run all the cables 
we needed to the positions we want- 
ed. We only had to drill one hole ina 
less-than-ideal position, around 50mm 
away from where we wanted it. 

While I was up there, I ran Cat6 
network cabling out to my workshop 
and a couple of other rooms I wanted 
connected, so we gota lot done in one 
day. Note to self: allow several days for 
physical recovery after cabling work. 

I mounted the alarm box by the ac- 
cess door in the roof space, which is a 
natural junction of all the cables com- 
ing from the sensors. I mounted a cou- 
ple of cheap LED lights up there too, 
which made connecting up the sensor 
wires a lot easier. 

This was all relatively straightfor- 
ward work. But I did need to ensure 
the sensors’ operating mode (normal- 
ly-open or normally-closed, set by 
jumpers on their PCBs) matched the 
panel configuration. 

Normally-closed operation requires 


a so-called “end-of-line” resistor 
(2.7kQ) wired in series with the sen- 
sor’s ‘hot’ lead, while a normally-open 
sensor requires the resistor to be wired 
in parallel with the hot and ground 
leads. The alarm’s user manual had 
these two diagrams transposed, but I 
eventually worked it out. 

I still had to deal with those un- 
known monitoring numbers. Luckily, 
I found them in my old wireless panel, 
so retrieving them and programming 
them into the new system was acinch. 
It’s been working now for months and 
not one false alarm, so I'd call that job 
done, and not a ‘professional’ in sight 
(thank goodness’). 


Yamaha amplifier and Bose guitar 
effects unit restoration 


D. D., of Petrie, Qld is a serial re- 
pairer and recently managed to eas- 
ily fix two different Yamaha amps 
and a guitar effects unit, two of which 
had already been relegated to the tip! 
That’s a pretty good effort and here is 
how he did it... 

The local tip has a recycling section 
where you can drop off your unwanted 
gear to sell to people who can use it, 
but their policy recently changed, and 
they no longer allow mains-powered 
equipment to be sold in this manner. 
But as I was recycling some bits and 
pieces, I happened across a Yamaha 
RX-V457 7.1-channel surround re- 
ceiver. 

A tip worker saw me looking at it, so 
I asked him if I could have it. He said 
no (with a wink), but if he doesn’t see 
me take it, then he can’t do anything 
about it. He then walked away. 

So I became the proud new owner 
of an amplifier. I got the unit home, 
plugged it in, and nothing happened. 
So, Google to the rescue. There is a 
common fault with this amplifier, a 
capacitor on the inlet power circuit 
board goes bad. I tested capacitor C4 
and found it much lower than its rat- 
ing of 22nF, 630V. 

I replaced it with a new one from 
Jaycar and the amplifier now sounds 
fantastic, although I did have to buy 
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a remote control, which was the most 
expensive part of the repair! 

Here’s another story of a tip rescue. 
My brother-in-law’s brother works at 
his local tip and picks up bits and 
pieces all the time. Lately, he hap- 
pened across a Boss ME-50 guitar 
multiple effects unit. These are pretty 
cool and have pretty much everything 
a guitar player could want, with some 
22 effects. 

The unit had no (or very low) out- 
put signals. Disassembling it took a 
while due to the 20 odd potentiometers 
holding it together. I found a very nice 
looking PCB populated with SMDs. 
A quick internet search revealed the 
service manual and a circuit diagram. 

I applied a sinewave signal to the 
aux input using my smartphone. I 
could see the signal going into the 
circuit but nothing coming out. While 
looking at the diagram, I noticed there 
are muting transistors on the outputs 
of all the channels, so I lifted one of 
the legs of all of these SMD transistors, 
but there was still no output. 

Next, I tried removing each op amp 
one by one to see if one was caus- 
ing the problem. As luck would have 
it, the very first op amp I lifted (IC6, 
NJM4556) solved the problem. It ap- 
peared to havea short circuit across its 
inputs, which was shunting the input 
signal to ground for all the op amps. As 
soon as I replaced that IC, the whole 
thing worked. 

My third repair was of a Yama- 
ha RX-V2067 7.2-channel surround 
sound amplifier that was given to me. 
It would turn on but then switch it- 
self off after a second or so. I initially 
thought great another easy fix with a 
faulty capacitor on the power board, 
but it was not to be. 

SoI downloaded the service manual 
and put the unit into service/no pro- 
tection mode. The unit prompted me 
with an error code, “PS2_ PRT 168H”. 
A perusal of the manual showed that 
this error code is related to the volt- 
age rails labelled, +12V, +12RY, +5A, 
+44V and +5DK. 

The schematic showed the regula- 
tors for three of these rails were on 
the PCB labelled “video 2”, which is 
right at the bottom of the unit, so after 
removing four PCBs and many screws 
and unplugging many connectors, I got 
to those board. I set it up on the bench 
with my bench supply and measured 
all the voltages. They were all in spec. 
I then re-assembled the unit and pow- 
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ered it on, testing all the other rails; 
they were all in spec too. 

I scratched my head and had another 
look at the schematics. The PS2_PRT 
line is a sum of all the above voltages 
via a resistor voltage divider network, 
resulting in a voltage going into the 
A/D converter which should be around 
1.6V but I measured 2.2V. 

I removed the PCB labelled “video 
2” again and started checking the re- 
sistors related to this voltage divider 
network. I found one which measured 
70kQ, but it should have been 47kQ. 
These are all small 0603-sized SMD 
resistors. 

On removal of the suspect resistor, I 
tried to measure it again and found it 
open circuit briefly, before it flew off 
somewhere, yet to be found. 

I didn’t have any 0603-sized 47kQ 
resistors in my home stockpile, but I 
had a couple of 0.25W axial versions 
which, with a bit of lead manipula- 
tion, I soldered to the pads. After re- 
assembly, the PS2_PRT line now reads 
1.5V and the unit no longer goes into 
protection mode. 

Unfortunately, it only worked for a 
couple of days before all sound disap- 
peared. I put the unit into service mode 
again and found that I could get sound 
out of the speakers using the service 
modes A2: analog direct test and the 
A7: manual test. So I knew the ampli- 
fiers were still working. 

I then used my phone as a signal 
generator and fed signals into all the 
channels one by one. They all worked 
on pure direct and A2 test mode. So 
all inputs and outputs were working. 
But there was a fault when the DSP 
function was switched on. 

I started to follow the signal and 
found that nothing was coming out 
of IC811, a PCM1803 analog-to-digital 
converter (on the Function 3 PCB). Re- 
placing the chip permanently fixed it. 


Behringer RX1202FX 12-channel 
mixer repair 

A. M., of Port Macquarie, NSW had 
to go into full sleuth mode to fix the 
power supply of a fancy mixer. Sev- 
eral parts had failed, and not just the 
usual culprits... 

The RX1202FX is a rack-mountable 
12-channel mixer with an integrated 
effects unit, designed by Behringer in 
Germany but made in China. The mix- 
er arrived with no signs of life at all. 
My initial thought was that it was like- 
ly due toa failed power supply or fuse. 
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Of course, a failed fuse is usually 
a symptom of another problem and 
replacing the fuse won’t necessar- 
ily fix it. 

The mains fuse is located in an in- 
tegrated IEC socket. Prising this open 
and testing the fuse showed the fuse to 
be intact, so a more a time-consuming 
repair would be required. 

Opening the unit up revealed a front 
panel PCB, rear panel PCB anda small 
switch-mode power supply. The front 
and rear PCBs are connected via three 
ribbon cables, glued in place with hot 
glue. The power supply is mounted 
vertically between the front and rear 
panels with an output connector link- 
ing to the rear PCB. 

Removing the power supply board 
involved undoing two screws, discon- 
necting the output connector on the 
rear PCB and desoldering the mains 
input cable from the rear panel switch 
and Neutral connection. 

As is usual with a switch-mode sup- 
ply, your mind immediately jumps to 
the capacitors as the source of the fault. 
I thought it would be an easy repair; 
just replace the dried-up electrolytics 
and it will work again. 

Visual inspection of the supply, 
once it was removed from its alumin- 
ium heatsink/mounting frame, did not 
reveal any catastrophic damage, but 
did show it provided multiple supply 
rails and was designed by Behringer 
(many equipment switch-mode power 
supplies are generic devices made by 
third parties). 

An internet search indicated that 
this supply was used in a few differ- 
ent Behringer mixers, but a complete 
replacement supply did not seem to 
be available. The search did yield a 
schematic, though; the commentary 
with the schematic was not in English 
so it may or may not have been an of- 
ficial diagram. 

But it did match the part numbers 
and values and general configuration 
of the supply, and indicated the out- 
put voltages. The PCB silkscreen gave 
the component values as well as part 
numbers but not the output voltages. 

Powering the supply up outside the 
mixer showed that all the supply rails 
were absent and the big input filter ca- 
pacitor stayed charged once the mains 
had been removed. Being bitten by the 
340V DC on these capacitors is some- 
thing you always remember and good 
quality capacitors with no load can 
hold a charge for a long time. 
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The capacitor keeping its charge 
was a Clue that the primary side of 
the supply was not switching. The 
two small electros on the primary side 
are were wedged between the large 
filter capacitor and the transformer. 
Both tested OK with the ESR meter 
and measured a reasonable capaci- 
tance in circuit. 

All the surface-mount resistors on 
the primary side of the supply seemed 
to match both the schematic and their 
values, measured close to the mark- 
ings on the PCB, except for R5. This 
is a 10kQ surface-mount resistor be- 
tween the X pin on the switching 
regulator IC (a seven-pin TOP245 YN) 
and ground. 

I desoldered R5 to check it further. 
It was apparent that the regulator had 
an internal short between the control 
input pins, damaging R5; strangely, 
the switching device had not failed. 
My previous experience with these 
devices is that the output device usu- 
ally fails short-circuit. 

While awaiting a replacement regu- 
lator, I decided to check the rest of the 
PCB and found both the 100nF X2 ca- 
pacitors on the input filter to be under 
10nF. While you would not expect that 
to stop the supply working, replacing 
them is easy and the designer of the 
supply put them there for a reason, 
so I did so. 

The replacement regulator arrived 
and was duly fitted. The excitement 
of powering the supply up again was 
short lived when the 15V rails were sit- 
ting at 21V and the 12V rail was sitting 
at 19V. The 5V rail was correct; it was 
regulated off the transformer second- 








ary with its own 7805 linear regulator, 
so this was to be expected. 

At this point, at least the prima- 
ry side of the supply appeared to be 
working correctly; no smoke, no explo- 
sions, just a little too much voltage on 
the secondary. 

After sleeping on the problem, I 
thought that maybe the excessive out- 
put was due to a lack of load; after all, 
once in the mixer, the supply would 
always be loaded by the rest of the 
circuitry and the voltage would drop. 

A dummy load was hastily knocked 
up from some resistors and the supply 
fired up again. This slightly reduced 
the loaded rails but they were still no- 
where near 15V and 12V. 

Clearly, the feedback path between 
the low voltage section of the supply 
and the control TOP245Y was not act- 
ing to regulate the output voltage. As 
is common on this type of supply, the 
feedback path consists of a voltage di- 
vider off the 15V rail, a TL431 shunt 
regulator and a 4N35 optocoupler to 
isolate the signal between the primary 
and secondary. 

The voltage divider and filter ca- 
pacitors all tested within acceptable 
tolerances and the reference pin on 
the shunt regulator voltage was close 
to the expected value given in the data 
sheet. Static tests with a multimeter 
suggested that the optocoupler had 
not catastrophically failed. 

At this point, it was tempting to 
load the parts “shotgun” and replace 
everything on the board that had not 
already been replaced, as this would 
be quicker than further analysis and 
fault finding. But having heard stories 






























































of failed optocouplers and there be- 
ing a general distrust of them amongst 
some parts of the design community, 
plus having plenty of spares, I rolled 
the dice and decided to replace the 
4N35. 

This was the magic that finally re- 
duced the rail voltages to within nor- 
mal limits. The unanswered questions 
now are about the chain of events 
which caused the supply to fail; was 
there a long-term over-voltage con- 
dition before it finally failed? Could 
this have damaged other parts of the 
mixer? 

Due to the length of the intercon- 
necting cables within the mixer, the 
only way to test the other boards was 
to fully reassemble the unit. Once as- 
sembled, the mixer powered up cor- 
rectly and the expected LEDs on the 
front panel lit up. The next test in- 
volved injecting a sinewave into each 
channel and looking at the output on 
the oscilloscope and checking the re- 
sponse of the controls. 

This was a time-consuming job ona 
12-channel mixer but it revealed no ap- 
parent damage with a clear sinewave 
on each output matching the input, 
allowing for the effect of the controls. 
A final test with some music and an 
amplifier was anticlimactic, with all 
controls working as expected. 

The reason for the failure of the 
switchmode regulator and opto- 
coupler will have to remain a mys- 
tery. I speculate that the reduced ca- 
pacitance of the input filter capacitors 
could have made the supply suscep- 
tible to mains-born transients, even 
though it appears well protected with 
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a metal oxide varistor (MOV) across 
the input. 


Rangehood repair 


R. G., of Cooloola Cove, Qld got sick 
of failing switchmode power supplies 
and decided to take an old school ap- 
proach to repair a dead rangehood in- 
stead. This is what he did... 

I have been retired a long time and 
do very little electronic work these 
days, but an old friend called to tell 
me that her rangehood no longer 
worked. As I had helped install it a 
couple of years ago, and as they could 
not get anyone to fix it, I said that I 
would have a look at it and see what 
I could do. 

This is one of those rangehoods that 
has a front glass panel that curves up 
from the wall at the back of the stove 
to the top of the rangehood some 700- 
800mm above. The lower glass panel 
is fixed while the upper one swings 
out on hinges, and is opened by a 24V 
electric actuator. It also has the display 
and three touch buttons on it. 

Since the rangehood would not op- 
erate at all, the first problem was to get 
it open to get at the control board. To 
do this, Iremoved the screws at the top 
of the rangehood to release the hinges 
holding the upper glass panel. Unfor- 
tunately, I still could not get my hand 
in far enough to remove the pin that 


releases the panel from the actuator. 

I then noticed four screws in line 
with the actuator, further back on 
the top of the rangehood. Releasing 
these enabled me to get the panel 
far enough open to remove the pin. 
I then disconnected the wiring from 
the display and put the glass panel 
somewhere safe. The actuator then 
fell to the bottom of the metal box 
with a loud bang, but fortunately, it 
did not do any harm. 

With hindsight, I should have re- 
moved the screws on the actuator first. 
That way I could have opened the glass 
panel on the hinges, which would have 
given me enough room to hold the ac- 
tuator with one hand while I removed 
the pin with the other, enabling me to 
put the actuator down more gently on 
to the bottom of the box. 

It was then only a matter of undo- 
ing three more screws and removing 
the lower glass panel to gain access to 
the workings. Iremoved two screws so 
I could lift off the black plastic cover 
over the controller board. I could see 
a switchmode power supply at one 
end with the fan control relays along 
the top. The remainder of the box con- 
tained the control electronics. 

A test showed that there was 230V 
AC on the top of the board, but zero 
volts on the rectifier diode cathode 
connected to the transformer. I de- 





A new linear power supply (right) was made using a transformer, rectifier, 
regulator and some capacitors on a piece of veroboard. This was then mounted 
on a piece of aluminium and connected to the failed board for testing. 
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cided to take the control box off the 
wall and bring it back to my work- 
shop for repair. 

In my experience, these switchmode 
power supplies never last long when 
operating continuously, especially 
in a hot environment like in a range- 
hood. With it on the workbench, I un- 
plugged all the cables and undid two 
more screws, allowing me to remove 
the control board. 

I found that a low-value resistor in 
the 230V supply line was open-circuit, 
having acted as a fuse. I replaced this 
as well as the two high voltage elec- 
trolytic capacitors. One capacitor was 
open-circuit and had leaked out some 
ofits contents. But even after those re- 
placements, I still could not get any 
power out of it. 

I then connected my bench power 
supply to the cathode of the rectifier 
diode. The supply uses 25V DC rated 
electrolytic filter capacitors, and con- 
tains 12V relays, so I thought that I 
would play safe and set it to 12V with 
amaximum current of 300mA. It then 
powered up and everything worked 
fine. The 24V actuator seemed to work 
even with the 12V supply. 

The fan was not running because 
I had unplugged the unit from the 
mains. However, I could hear the re- 
lays click when I changed fan speeds. 

A search of my junk box revealed a 
suitable power transformer, four 1A 
rectifier diodes, a 2500pF 25V elec- 
trolytic capacitor, a 7812 regulator, 
plus a few smaller capacitors and a 
piece of veroboard. I used these com- 
ponents to build a new linear power 
supply for the rangehood and mount- 
ed it into a piece of scrap aluminium 
that I had bent up. 

I then removed most of the parts 
from the switchmode power supply, 
including its transformer and inline 
filter. I left the transient suppression 
components in place. I also removed 
its rectifier diode. I wired up my new 
supply, tested it to make sure that all 
was safe, plugged it into the GPO, and 
away it went, good as new. 

Ijust had to fabricate a proper metal 
enclosure for the supply, which I pop 
riveted to the back of the rangehood 
box. The new power supply simply 
slides into this case and is held in 
by two screws so that it can be easily 
serviced. After reinstalling the range- 
hood, and putting it back together, my 
friends were pleased that it was all 
working again. sc 
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Linear Bench Supply 









Last month, we introduced our new Linear Bench Supply, capable of delivering 
8A at 45V or 2A at 50V. It’s based around a 500VA toroidal transformer, a PCB 
control module fitted to a finned heatsink and two thermally controlled fans to 
keep it cool. These all mount in a metal instrument case. This month we cover 
the assembly and testing details of the PCB module. 


here are quite a few steps in- 

i volved in building this Supply, 
but none are terribly complicat- 

ed. So if you follow our instructions, 
you shouldn’t have any trouble getting 
it to work and ensuring that it’s safe. 

You'll need most or all of the parts 
in the list at the end of this article, so 
the first job is to gather those. 

There’s a bit of screwing, drilling, 
tapping and cutting needed to com- 
plete the hardware side of this project. 
Ideally, you should have a drill press, 
although you can get away with a 
decent hand drill. 

You'll also need assorted drill bits, 
an M3 tap set, files and a hacksaw on 
hand. 

Around half the assembly time is 
in building the control module, with 
the other half preparing the case and 
putting it all together. We’ll have the 
case assembly and wiring details next 
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month. This month’s article concen- 
trates on building that control module. 

We’ve made it as easy as possible 
by using almost entirely through-hole 
parts and mounting them all on a sin- 
gle PCB. So let’s get started building it. 


Construction 


Before mounting any parts on the 
control board, use the blank PCB and 
some of the other parts to mark out 
where holes will need to be drilled on 
the heatsink. The hole locations are 
shown in Fig.5, but it’s better to use the 
actual PCB and devices to determine 
where to drill. 

Start by fitting the PCB with the 
9mm tapped spacers at each corner. 
Then temporarily place transistors Q3, 
Q4, Q5, Q6, Q7 and REG3 into their 
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respective mounting holes, but don’t 
solder them yet. 

Place the acrylic spacer under the 
heatsink to lift it up by 3mm, then cen- 
tre the PCB on the face of the heatsink. 

Making sure that each component 
is sitting up straight and at the same 
height, mark where the centre of each 
mounting hole sits on the heatsink (eg, 
using a felt tip pen). 

Hold the bridge rectifier in place 
above the main devices, centred on 
the heatsink (see photos) and mark its 
mounting hole too. 

While you’re at it, use the acrylic 
insulating plate to mark out the posi- 
tions of the four mounting holes on 
the underside of the heatsink, two on 
each side. 

Now take the heatsink away and 
carefully drill all the marked holes 
with a 2.5mm bit to a depth of at least 
6mm (or deeper if you don’t have an 
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M3 finishing/bottoming tap), making 
sure they are drilled perpendicular to 
the face of the heatsink. Use kerosene 
or light machine oil to lubricate the 
drill bit and regularly clean out swarf. 

Once all the holes have been drilled, 
tap them for an M3 thread to a depth 
of at least 6mm, again using plenty of 
lubricant and regularly clearing swarf 
from the tap. 

Be careful not to use too much force 
to turn the tap, or you could break it, 
ruining both it and the heatsink. 

As long as you regularly remove 
the swarf and re-lubricate the tap and 
hole, a consistently moderate amount 
of torque should be required. 

If you do encounter increased resist- 
ance, unwind the tap a little bit and 
then try winding it clockwise again. If 
the resistance is still there, take it out 
and clean and re-lubricate the hole, 
then try again. 

You can use a finishing tap to get 
the tapped holes to the required depth, 
or drill them a bit deeper and use the 
intermediate tap to cut threads at least 
6mm into each hole. When finished, 
deburr all the holes and clean out all 
the swarf. 

You may like to wash the heatsink 
with soapy water and let it dry off to 
get rid of some of the lubricating oil 
and the remaining swarf. 

Before proceeding, it’s also a good 
idea to use the bare PCB to mark out 
where its mounting holes will go in 
the bottom of the case. 

Use the heatsink acrylic spacer to do 
the same for the four heatsink mount- 
ing holes, and position the mains 
transformer as shown in the photos, 
to mark out its central mounting hole. 

Make sure you leave enough space 
behind the heatsink fins for the fans. 
The fins should be around 45mm from 
the inside rear of the case. 


PCB assembly 


With that out of the way, we can now 
proceed to assemble the PCB using 
the overlay diagram, Fig.6, as a guide. 

The Bench Supply is built on a 
double-sided PCB coded 18111181, 
measuring 150 x 120mm. The fol- 
lowing description assumes the PCB 
is orientated as shown in Fig.6, with 
the heatsink mounted devices at the 
bottom edge. 

There are two surface-mounted 
parts on this PCB, which should be 
fitted first. These are the 15mQ shunt 
resistor and shunt monitor IC4, in an 
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It’s a good idea to use an unassembled PCB and the acrylic heatsink spacer as a 
template to mark the mounting hole positions inside the case bottom. It’s easier 


to do this now, rather than later! 


8-pin SOIC package, which is mounted 
near the shunt. 

Start with IC4. Apply flux paste to 
its pads, then locate IC4 over them. 
Make sure that its pin 1 is orientated 
so that it’s closest to the shunt pads. 
Pin 1 is typically marked with a dot 
or divot on top of the IC package and 
a bevelled edge on that side. 

Once it is in the correct location, 
solder one of its pins. Check that all 
of its pins are lined up with their 
pads. If not, re-heat the solder joint 
and gently nudge the part into place 
with tweezers. 

Once you are happy that the part is 
aligned and flat against the PCB, solder 
the remaining pins by applying some 
solder to the iron tip and carefully 
touching each pin in turn. The solder 
should flow from the iron to the pin. 
Once the other pins are soldered, go 
back and re-touch the first pin. 

If you are having trouble, apply 
some more flux. Excess solder can be 
removed with solder wick and a bit 
of extra flux paste. If a bridge occurs, 
don’t remove it right away, but solder 
any unsoldered pins first. Then use the 


Fig.5: a half-size 

drilling template for the 
heatsink. All holes are 
drilled and tapped for 
an M3 thread, to a depth 
of at least 6mm. While 
this should give you an 
idea of what to expect, 
as mentioned in the text, 
it’s better to temporarily 
insert the actual devices 
and mark where their 
mounting holes sit if 
possible. 
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wick on one side at a time to remove 
any bridges. 

The shunt is the next part to be fit- 
ted. It is relatively easy to solder but 
is connected to a wide power trace, 
so it may need a bit more heat. It is 
not polarised. 

Apply solder to one pad, then rest 
the part on top and apply heat again to 
allow the part to sink into the solder 
and down onto the pad (pressing down 
on the part with tweezers helps with 
this process). 

When the first solder joint is good, 
solder the other side, then go back and 
re-touch the first joint. 

With these two parts in place, it’s a 
good idea to clean up any excess flux 
on the PCB using isopropy] alcohol or 
a specialised flux remover. 


Through-hole parts 

You can now fit all the smaller axial 
parts, ie, resistors under 1W, zener 
diode ZD1 and small signal diodes 
D1-D4. Make sure that the diodes are 
orientated as shown in the overlay 
diagram. 

While the resistors have colour- 
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Fig.6: most of the 
Bench Supply 
components mount 
on this control 
board. Ensure 

that the diodes, 
transistors, ICs 

and electrolytic 
capacitors are fitted 
with the correct 
orientations as 
shown. It’s also 

a good idea to 
check carefully 
that the different 
value resistors and 
capacitors go in the 
right places. 

Note that one of 
the 100pF electros 
is rated at 63V 
(below and to the 
right of the 2200 
5W resistor) where 
all others are 35V. 
Fit the four 4700pF 
capacitors last, after 
the power devices 
(that mount on the 
heatsink along with 
the bridge rectifier) 
have been soldered 
in place. 
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coded bands, these can be hard to 
distinguish, so it’s best to check each 
with a multimeter set to measure ohms 
before soldering them in place. 

Next, fit the six 1W resistors and the 
two larger diodes (D5 & D6), again en- 
suring their cathode stripes are facing 
in the directions shown in Fig.6. Watch 
out as they are orientated differently. 

The next job is to fit DIP ICs IC1-IC3, 
IC5 and IC6. These are all LM358 op 
amps except for IC3, which is a 555 
timer. 

You don’t need to use sockets; in 
fact, it’s better to solder these all di- 
rectly to the PCB. But make sure that in 
each case, the pin 1 dot/notch is facing 
as shown in the overlay diagram and 
the IC is pushed down fully onto the 
board before soldering all of its pins. 

The next components to mount are 
the MKT and ceramic capacitors. The 
MKT capacitors are mostly 100nF in 
value, although one is 1nF so don’t get 
them mixed up. The location for each 
capacitor is shown in Fig.6. 

You can now solder the seven BC546 
transistors in place, along with REGS. 
The transistors and regulator look simi- 
lar so don’t get them mixed up. You 
may need to bend their leads out with 
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small pliers to fit the PCB pad patterns. 

Next, mount DIL pin header CON6, 
followed by the trimpots. Orientate 
them so that the adjustment screws 
are positioned as shown in the overlay 
diagram. They are all the same value. 

Follow with the two 5W resistors, 
which can be installed slightly above 
the PCB surface to improve convective 
cooling, although this is not critical. 

Note that, as explained last month, 
you may need to change the value of 
the 33Q 5W resistor if you’re using 
different fans from the ones specified 
(which we don’t recommend!). 

Now fit the terminal block (CON1), 
with its wire entry holes facing the 
edge of the board, and polarised head- 
ers CON2-CON5, CON7 and CONS. 
The polarised headers should be 
mounted with the orientations shown 
in Fig.6. 


Onboard regulators 

REG1 (7824) and REG4 (7812) both 
need flag heatsinks as REG1 drops 
around 20V and REG2 drops 8V. Both 
are mounted identically but rotated 
180° relative to each other. 

Start by lining up the component 
with its footprint to determine where 
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the leads need to be bent down by 90°. 
Having bent the leads, check that the 
tab mounting hole lines up with them 
inserted. If not, adjust the bend. 

When you are happy with this, 
smear a small amount of thermal 
compound on the back of the regula- 
tor and mount it by sandwiching the 
flag heatsink between the regulator 
and the PCB. 

Fasten with a 6mm machine screw 
from the bottom and a nut on the top 
of the tab. Ensure the nut is tight but 
be careful not to twist the regulator 
and its leads. 

Ensure the regulator and heatsink are 
square within their footprints and not 
touching any other components before 
soldering and trimming their leads. 

You can fit most of the electrolytic 
capacitors next; all but the four large 
4700pF units. They are polarised; in 
each case, the longer (positive) lead 
must be soldered to the pad marked 
with a “+” on the PCB. The cans have 
stripes on the opposite (negative) side. 

Follow with the two remaining on- 
board TO-220 components, REG2 and 
Q10. These do not need heatsinks as 
their dissipation is quite low. They can 
be fitted vertically, but make sure that 
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Compare the PCB layout opposite with this shot of the completed board, albeit 
with its transistors (and bridge) already fixed to the heatsink 


their tabs are facing as shown in Fig.6. 


Connecting the off-board 
components 


Presuming that you are using the 
Five-way Panel Meter module for 
display, you will need to build that 
separately (see the article starting on 
page 90). If you’re using individual 
panel meters, we’ll leave that part of 
the construction up to you. Most of 
the work is in cutting holes for them 
in the front panel and wiring them up. 

Voltage and current adjustment 
potentiometers VR3 and VR4 mount 
on the front panel and connect to the 
PCB using flying leads and polarised 
plugs. This prevents them from being 
accidentally connected backwards if 
the unit is later disassembled. 

Separate a 150mm length of 10-way 
ribbon cable into two three-way pieces 
and three two-way pieces. Trim the 
two three-way pieces to around 10cm 
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each, separate the wires at each end, 
strip them and solder one end of each 
to the leads of VR3 and VR4. You may 
wish to protect the solder joins with 
short pieces of small diameter heat- 
shrink tubing. 

Now crimp the polarised plug pins 
onto the other ends of the wire. If you 
don’t have the correct tool, it may be 
easier to solder the wires, although 
the tabs of the pins will still need to 
be bent over to fit into the housing. 

You can crimp them using small 
pliers in a pinch (no pun intended), 
but it’s a bit tricky. These will plug 
into CON2 and CONS. 

The square pads of CON2 and CON3 
are connected to ground, so should go 
to the ends of the potentiometer tracks 
which have a low resistance to the wip- 
ers with the pots fully anti-clockwise. 
The middle connections of CON2 and 
CONS go to the wipers, and the third 
pin goes to the other end of the tracks. 
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You can check this by verifying 
that, with the pot cables plugged into 
the board, the middle pins have a low 
resistance to ground (TPO) when the 
relevant knob is wound fully anti- 
clockwise. If this is not the case, you 
may have the outside leads reversed. 

LED1 is also attached using flying 
leads and mounted off the PCB, via 
CONS. Solder a length of the two-way 
ribbon cable to the pins for a matching 
polarised plug, then solder the other 
ends of the wire to the LED. The longer 
lead of the LED must be soldered to 
the wire that goes to the pad on CON8 
marked with a plus sign. 

If using a pre-wired panel mount 
LED, simply crimp or solder the wires 
to the plug pins and push them into 
the housing. If you have a bare LED, 
you should heatshrink the wires to 
insulate and protect them, and use a 
bezel for mounting. 

If your fans are not already termi- 
nated with 2.54mm-pitch headers, 
attach a keyed plug as for the LED. 
Note that the positive lead for both fans 
(ordinarily red) goes to the pin closest 
to output connector CON1. 

A similar header is used to connect 
the NTC thermistor for monitoring the 
heatsink temperature. It is not polar- 
ised like the other components, but 
you can still fit the same style plug to 
connect to the locking header on the 
PCB, so do that now. 

The bridge rectifier (BR1) is mount- 
ed on the heatsink and connected 
to the transformer and PCB via four 
stout (10A-rated) wires. Cut two wires 
around 7cm long and crimp or solder 
spade terminals to one end of each. 
Protect the outside of the spade using 
heatshrink tubing insulation. 

Solder the other end of the wires to 
the PCB. The red wire should go to the 
terminal marked BRIDGE+ (and the 
bridge rectifier terminal with a plus) 
and the black wire to the terminal 
marked BRIDGE- (and the diagonally 
opposite bridge rectifier terminal). 


Initial testing 

Now detach all the external com- 
ponents except for the two potenti- 
ometers, VR3 and VR4, and the NTC 
thermistor. This will allow you to do 
some basic checks. 

Before powering the board up, 
double-check the construction so 
far, making sure that all the onboard 
components have been fitted, with 
the correct polarity. Check also that 
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We've “opened out” this otherwise completed Supply to give you a better idea of what goes where and with what. Note the 
Presspahn insulation (fawn colour) which isolates the bitey bits from the rest of the circutiry — just in case,. 


the solder joints all have good fillets, 
do not look dry and that there are no 
shorts between solder joints on the 
underside of the board. 

The initial tests are only made at 
low power, but there is still enough 
energy present to damage components 
if something has been installed incor- 
rectly. There is the possibility of com- 
ponents becoming very hot if a fault 
occurs, hence the initial low-power 
tests which should hopefully find any 
problems before delivering enough 
energy to do any damage. 

Note that there can be 70V differ- 
ential voltage between various parts 
of the circuit when it is powered on. 
This is enough to give a shock. Make 
sure the PCB is mounted on insulated 
tapped spacers and there is nothing 
underneath the board which might 
cause a short circuit (eg, do not place 
it on a metal surface!). 

Before powering up the unit, wind 
all the trimpots and variable resistors 
to their minimum positions. This 
includes the six trimpots on the PCB 
and the two externally mounted ad- 
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justment potentiometers. 

The best way to do the initial tests 
is with a variable DC supply fed into 
the BRIDGE+ and BRIDGE- leads with 
the appropriate polarity. You will need 
around 40V to ensure that REG1 is 
delivering the full 24V at its output. 

If you don’t have a 40V DC supply, 
you can feed 27-39V DC directly into 
REG1’s input (with the positive lead 
clipped to the right-hand lead of the 
220Q 5W resistor). Or you can feed 
24V into REG1’s output, via the left- 
hand lead of the 68Q 1W resistor. But 
in the latter case, any faults in REG1 
itself may not show up. 

It would be ideal if you can moni- 
tor the current drawn by the circuit; 
if your supply lacks an ammeter, you 
can monitor the voltage across the 
220Q 5W resistor, assuming that you 
are not bypassing this due to a lower 
test supply voltage. 

Power up the circuit and check the 
current draw. It should be around 
60mA, which corresponds to 13.2V 
across the 220 resistor. If there is a 
severe fault, then you will see a much 
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higher voltage across this resistor and 
it could get very hot. In that case, shut 
off power as soon as possible and 
check for faults. Any more than 20V 
across this resistor means that some- 
thing is wrong. 

Assuming the current draw is OK, 
you can now check the various volt- 
age rails for correctness. Connect the 
negative multimeter probe to ground 
via TPO and check the voltages with 
the positive probe. The 24V rail can 
be measured at the left end of the 68Q 
resistor (assuming you aren’t feeding 
power in there, as there would be little 
point in checking it then). 

You should get a reading close to 
24V, although it may be lower if your 
test supply does not have a high enough 
output. As long as it is above 18V, the 
remaining voltage rails should still be 
correct. 

But you will not be able to complete 
the calibration until 24V is available 
from REG1, nor can you accurately 
calibrate the device if feeding power 
into the 24V rail. 

The 12V rail can be measured at pin 


siliconchip.com.au 












@] co (=) ml e) celer=1-s-) ale 


SEARCH, CHECK STOCK, TRACK, PURCHASE 


atcle(eM=rsb)\/ 


aves: 


ELECTRONICS 





Eee Simplify your purchasing with our 
Kputey custom productivity tools 

[a] au.mouser.com/servicesandtools 
australia@mouser.com 


74 





PARTS LIST — LINEAR 45V 8A BENCH POWER SUPPLY 


1 double-sided PCB coded 18111181, 150 x 120mm 

1 vented metal instrument case [Jaycar HB5556] 

1 Five-way Panel Meter module (see article starting on page 90) 

WITH 1 acrylic bezel [SILICON CHIP ONLINE SHOP Cat SC5167] 

OR 1 set of separate 5V panel meters and suitable mounting 

hardware 

1 acrylic spacer for heatsink 
[SILICON CHIP ONLINE SHOP Cat SC5168] 

1 40V 500VA toroidal transformer [element14 2817710] 

1 35A 400V bridge rectifier (BR1) 
[Jaycar ZR1324, Altronics Z0091] 

1 IEC mains input socket with fuse and switch 
[Jaycar PP4003, Altronics P8340A] 

1 150 x 75 x 46mm diecast finned heatsink [Jaycar HH8555] 

2 24V DC 80mm high-flow fans [Digi-key P122256] 

2 80mm fan filter/guard [Jaycar YX2552] 

2 TO-220 flag heatsinks, 6073B type (for REG1 & REG4) 
[Jaycar HH8502, Altronics H0630] 

1 16V DC/230V AC 16A SPST or DPDT panel-mount toggle 
switch [Jaycar ST0581/ST0585] 

1 208 x 225mm sheet of Presspahn or Elephantide [Jaycar 
HG9985] 

2 TO-220 insulated mounting kits (for Q3 & REG3) 

[Jaycar HP1176] 

1 2-way terminal block, 5mm pitch (CON1) 
[Jaycar HM3172, Altronics P2032B] 

2 3-way polarised headers (CON2,CON3) 
[Jaycar HM3413, Altronics P5493] 

2 3-way polarised plugs (for VR3 & VR4) 
[Jaycar HM3403, Altronics P5473 + P5470A) 

4 2-way polarised headers (CON4,CON5,CON7,CON8) 
[Jaycar HM3412, Altronics P5492] 

4 2-way polarised plugs (for LED1, thermistor & fans) 
[Jaycar HM3402, Altronics P5472 + P5470A] 

1 6x2-pin header (CON6) [Jaycar HM3250, Altronics P5410] 

2 12-pin IDC headers (to connect CON6 to Panel Meter) 
[Digi-Key 2057-FCS-12-SG-ND] 

1 10kQ stud-mount or lug-mount NTC thermistor 
[Digi-key 495-2138, Altronics R4112] 

11 6.3mm spade crimp connectors (for BR1 and mains socket) 

1 red chassis-mount banana socket/binding post 

1 black chassis-mount banana socket/binding post 

1 green chassis-mount banana socket/binding post 

1 6A fast-blow M205 fuse (F1) 

2 knobs (to suit VR3 and VR4) 

4 instrument case feet and associated mounting hardware 


Wire, cable etc 

1 1m length of 3-core 10A mains flex 

1 1m length of 12-way ribbon cable (to connect CONG to the 
Panel Meter module and to connect VR2, VR3, LED1 and 
the thermistor) 

1 1m length of 10A-rated red wire (for BR1 and output 
terminals) 

11m length of 10A-rated black wire (for BR1 and output 
terminals) 

1 small tube of thermal paste 

various lengths of 3mm and 6mm diameter heatshrink tubing 

pack of small (2mm) cable ties 

pack of self-adhesive wire clips 
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Fasteners 

8 M3 x 32mm machine screws (for mounting fans) 

1 M3 x 15-16mm machine screw and flat washer (for 
mounting BR1) 

5 M3 x 12mm machine screws (for rear panel Earth and 
mounting Panel Meter) 

13 M3 x 9-10mm machine screws (for mounting fans and Q3-Q7) 

18 M3 x 6mm machine screws (for panel Earths, PCB mounting, 
REG1, REG3 & REG4) 

4 M3 x 10mm Nylon machine screws (for mounting heatsink) 

8 M3 x 15mm tapped Nylon spacers (for mounting fans) 

4 M3 x 9mm tapped Nylon spacers (for mounting PCB) 

13 6.3mm spade crimp connectors (for BR1, the mains socket 
and output switch) 

6 M8 crinkle or star washers (for panel Earths) 

16 M3 hex nuts (for panel Earths, REG3, REG4 and mounting 
Panel Meter) 

12 crimp eyelet lugs, 3mm inner diameter (for panel and 
output Earths) 


Semiconductors 

4 LM358 op amp ICs, DIP-8 (IC1, IC2, IC5, 1C6) 

1 555 timer IC, DIP-8 (1C3) 

1 INA282 shunt monitor IC, SOIC-8 (C4) [Digikey 296-27820-1] 

1 7824 24V linear regulator, TO-220 (REG1) 

1 7905 5V linear regulator, TO-220 (REG2) 

1 LM317HV high-voltage adjustable regulator, TO-220 (REG3) 
[Digikey LM317HVT/NOPB] 

1 7812 12V linear regulator, TO-220 (REG4) 

1 78L05 5V linear regulator, TO-92 (REGS) 

7 BC546 NPN transistors, TO-92 (Q1,02,Q8,Q9,Q11-Q13) 

1 BD140 PNP transistor, TO-126 (Q3) 

4 FJA4314 NPN power transistors, TO-3P (Q4-Q7) [SILICON CHIP 
ONLINE SHoP Cat SC4096] 

1 IRF540N N-channel Mosfet, TO-220 (Q10) 

1 5mm red LED with bezel (LED1) 
[Jaycar SL2610, Altronics Z0220] 

1 6.8V 1W zener diode (1N4736 or equivalent; ZD1) 

4 1N4148 signal diodes (D1-D4) 

1 1N5404 400V 3A diode (D5) 

1 SB380 80V 3A schottky diode (D6) 


Capacitors 

4 4700pF 63V electrolytic [Altronics R5228] 
1 100uF 63V electrolytic 

6 100yF 35V electrolytic 

1 10uF 63V electrolytic 

2 1pF 50V multi-layer ceramic 

18 100nF MKT 

1 1nF MKT 


Resistors (all 1/2W 1% metal film unless otherwise stated) 
41MQ 3100kKQ = =127kKQ = 1 22kQ 16 10kO 
19.1kQ 1 2.2kO 5 1kQ 12200@ 11000 
2 680# 1330@ 4220 
4 0.10# [Digi-Key 0.1GCCT-ND, Mouser 603-KNP1WSJR-52-0R1] 
1 0.0150 2W or 3W, SMD 6432/2512 size 

[Digikey YAG2165CT, Mouser 603-PE252FKE7WORO15L] 
6 10kQ vertical multi-turn trimpots (VR1,VR2,VR5-VR8) 
2 10kQ linear 24mm potentiometers (VR3,VR4) 


#1W5% @5W 10% 
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Fig.7: this shows how to make the ribbon cable 
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CABLE EDGE STRIPE 


which connects the Five-way Panel Meter to the Bench Supply main PCB. 
Whether your cable looks like the pictures inside the upper or lower circles 
depends on the style of IDC connector that you are using. 


4 or 8 of IC3. If the 12V rail is correct, 
then the negative rail generator should 
be working, and the tab of REG2 should 
have around -9V on it. The output of 
REG2 is connected to pin 4 on IC1, 
IC5 and IC6 and these should all be 
close to -5V. 

Finally, the output of the +5V rail 
can be found at pin 1 of CON6 (marked 
“5V”). The outputs on CON6 marked 
A1-A4 correspond to the signals for the 
external panel meters. They should all 
read OV if trimpots VR3 & VR4 are fully 
clockwise. 

Pin A5 on CON6 should read around 
3-4V if the thermistor is working cor- 
rectly, but it may be a bit lower at high 
ambient temperatures. 

If this is correct and you have built 
the Five-way Panel Meter, it can now 
be connected to CON6 to allow it to be 
calibrated (see the section on making 
the ribbon cable below, if you haven’t 
already done so). 

All the readings, apart from the 
temperature, will be incorrect until 
calibration is complete. 

If you are using individual panel 
meters, they can be connected now. Due 
to the limited current available from 
REGS, separate digital panel meters 
may need a separate 5V supply. 


Initial calibration 

Now check the voltages TP5 and 
TP6. TP5 should be at around 12V if 
VR1 has been wound to its minimum. 
Once you’ve verified that, adjust VR1 
until TP5 measures 15.6V. 

This sets up VR3 to provide 50V at 
the output when fully clockwise. This 
depends a little on the exact properties 
of trimpot VR3 itself, but this setting 
can be fine-tuned when construction 
is complete and you can measure the 
actual output voltage to full scale. 

Similarly, adjust VR2 to get 6V at 
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TP6, corresponding to approximately 
8A at the output. This too can be fine- 
tuned later. If you wish to set a more 
conservative maximum current limit, 
you can adjust VR2 for a lower voltage 
at TP6. 

At this stage, TP1 and TP3 should 
all be showing very close to OV. If not, 
adjust VR3 and VR4 respectively so 
that this is the case. This ensures a 
minimum output voltage when the unit 
is fully powered up later. 

TP2 and TP4 should also be near (or 
even below) OV. This shows that the 
output voltage and current are both 
zero. You should not proceed unless 
this is the case, as there should be no 
output with REG3 absent. If you get 
positive readings here, check around 
IC1 and IC4 for circuit problems before 
proceeding with any high-power tests. 

We will need to adjust VR4-VR7 
later; this is not possible until the Sup- 
ply is fully assembled. 


Other checks 


If you have a frequency meter or 
oscilloscope, you can check the two 
oscillators. Their exact frequency is 
not critical, but significant variations 
can indicate other problems. 

The oscillator for the negative rail 
generator is at pin 3 of IC3 and should 
measure around 60kHz. You should 
also check the duty cycle if possible; it 
should be close to 50% for maximum 
efficiency. If the duty cycle is wrong, 
and the negative rail is not reaching -5V, 
the values of the components around 
IC3 may be incorrect. 

The frequency of the fan PWM circuit 
can be measured at pin 1 of IC2. This 
should be around 280Hz, with a 50% 
duty cycle. Pin 1 delivers a square 
wave while pin 2 can be probed to 
check the ‘triangular’ waveform if you 
have a ‘scope. With the thermistor near 
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25°C, the fan PWM output at pin 7 of 
IC2 should be off, so a voltmeter will 
read OV. 

If the thermistor is warmed up (such 
as by being held in a warm hand), the 
average voltage at pin 7 should rise to 
at least 3V, representing a 12V PWM 
signal with a duty cycle of around 
25%. This indicates that the thermistor 
circuit is working as expected. 


Mounting the power devices 

Once you are happy with the results 
of the tests outlined above, the power 
components can be added to the board. 
Disconnect the power and allow the 
capacitors to discharge, which may 
take a minute or so. 

The components in this area connect 
via thick tracks and may need more heat 
than the earlier components to solder. 

Re-check now that the heatsink is 
free of swarf and metal dust, as these 
can puncture the transistor insulating 
pads and cause a short circuit. The face 
of the heatsink should be smooth. A 
light sanding with fine sandpaper will 
help to flatten any raised areas. 

First, mount transistors Q3-Q7 and 
REG3 loosely to the heatsink. Use a 
6mm M3 machine screw, insulating 
bush and insulating washer for REG3. 
The mounting for Q3 is the same as 
REG3 except that you’ll need a longer, 
10mm screw. Mount the four large tran- 
sistors using 10mm-long M3 machine 
screws, with a thin smear of thermal 
paste over the side of the devices which 
touch the heatsink. 

While Q3 is in a TO-126 package, a 
TO-220 insulating mounting kit will 
work fine with some careful trim- 
ming. Note that Q3 has its plastic face 
mounted against the heatsink, so the 
washer is more to ensure good contact 
than it is for insulation. 

Check for continuity between the 
heatsink and leads of Q3 and REG3; 
there should be no continuity on any 
of the leads. You will need to probe the 
non-anodised face of the heatsink. If 
there is, remove that part, check the in- 
sulation and reattach. You must do this 
before soldering or fitting the PCB, as 
Q3’s emitter is effectively connected to 
the heatsink via the collectors of Q4-Q7. 

Now position the 3mm acrylic spacer 
next to the PCB, with the latter sitting 
on its 9mm tapped spacers. Line up 
the power device leads with the PCB 
pads and drop them into place, with the 
heatsink resting on the acrylic spacer. 

Check the device mounting heights 
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and adjust if necessary. Then solder 
one lead at each end of each device. 
You can then carefully flip the whole 
assembly over and solder all the pins 
thoroughly, with the PCB resting on 
something to prevent it sagging under 
its own weight. When finished, trim 
the leads short. 

Tighten up all the screws holding the 
devices to the heatsink and check that 
they are firmly attached, as once the 
large electrolytic capacitors are fitted, 
access will be limited. You might also 
like to re-check that REG3 and Q3 are 
still insulated from the heatsink. 

Next, smear the face of BR1 with 
thermal paste and attach it to the heat- 
sink using a 16mm-long M3 machine 
screw and flat washer. Install it with the 
positive terminal at the bottom. This 
means that the wires do not need to 
cross over to reach the PCB terminals. 
The bridge has a bevel to identify the 
positive terminal, and will typically 
also be printed with a “+” symbol on 
the side. 

Connect the BRIDGE+ and BRIDGE- 
terminals to the bridge rectifier by 
pushing the spade connectors onto 
its tabs. 

The final components to fit are the 
four 4700pF 63V capacitors mounted 
directly in front of the output transis- 
tors. Their negative stripes must face 
towards the front edge of the PCB. 
Solder them in place and trim the leads 
to complete the component assembly. 

Now is a good time to attach the 
thermistor to the heatsink. If using the 
stud-mount type, thread it into its hole 
on the heatsink. If using the lug type, 
attach it with a machine screw and 
shakeproof washer. Mount it on the 
flat side of the heatsink so that it is not 
directly cooled by airflow from the fans. 

Check the thermistor leads for conti- 
nuity against the heatsink; there should 
be none. If there is, check the mounting 
and re-insulate as necessary. 


IDC ribbon cable assembly 

Now is a good time to make up the 
IDC cable that will connect the Five- 
way Panel Meter to the control board 
(assuming you’re using that meter and 
not some other arrangement). Cut a 
175mm length of 12-way ribbon cable 
and attach the IDC sockets at each end 
with the same orientation. So with the 
cable stretched out flat, the two polaris- 
ing tabs on the IDC connectors should 
face the same way. 

If you can’t get 12-way ribbon cable, 
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take some wider ribbon cable, cut 
between the 12th and 13th wires and 
then gently pull the two sections apart. 
They should separate cleanly. 

See Fig.7 for details on how to make 
this cable. Usually, IDC connectors are 
supplied as three pieces: the main part 
of the connector, with holes to mate 
with the pin header on the bottom and 
blades to slice through the cable insula- 
tion on the top; a plastic clamp which 
is pressed down on the top of the cable 
to force it into the blades, and a locking 
bar which provides strain relief and 
holds it all together. 

The way the cable is fed through 
these three-piece IDC connectors is 
shown at the top of Fig.7. But the 
12-way IDC sockets we purchased 
only consisted of two pieces, with the 
clamp and locking bar integrated and 
no provision for cable strain relief. This 
arrangement is shown in the lower two 
circles. Make your cables to match one 
or the other, depending on the style of 
IDC sockets that you have. 

It’s essential 
to use sufficient 
clamping force 
to ensure that the 
blades properly 
pierce the cable in- 
sulation and make 
contact with the cop- 
per strands within, 
without pressing so 
hard that you break the 
plastic. 

You can do this in a 
vice; however, a proper 
IDC crimping tool gener- 
ally makes the job easier 
(eg, Altronics Cat T1540). 


More testing 
Now that you’ve fin- 
ished assembling the 
control board, assum- 
ing you have a suitably 
safe source of AC or 
DC power, you can 
do some more testing. 
Plug in the Five- 
way Panel Meter, 
VR3, VR4, thermis- 
tor and LED and 
then apply power 
to the two uncon- 
nected terminals 


RE 


of BR1. You can use 24-40V AC or 
30-58V DC. 

If you can limit the current to a few 
hundred milliamps, that’s a good idea, 
but note that this will mean that it takes 
some time for the main capacitor bank 
to charge, and it will draw the maxi- 
mum current as it does so. 

Once the Supply is powered up, 
check that the Panel Meter powers 
up too. You may need to tweak the 
brightness and contrast if these have 
not been set. 

The voltages and currents should 
all read zero as VR5, VR6, VR7 and 
VR8 should have all been set to their 
minimum and have not been calibrated. 
The temperature shown on the Panel 
Meter should be around ambient if the 
thermistor is wired up correctly. 

Assuming that it checks out OK, 
power it off; it’s time to start preparing 
the case. 

We'll have the full details on the 
final assembly and testing in part 3, 
next month. 






















We'll cover the final assembly of the supply in the third 
and final part of this project next month. 
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Bag-A-Bargain 





Gear to invent, power & create! 
Sale ends November 30th. 


OS, 


Long Range 
Wireless Audio 
Transmitter & Receiver 


Transmit or receive Bluetooth 5.0 audio across 
distances up to 80m! Fitted with digital S/ PDIF 

input and output for connection to the latest hi-fi 
equipment. Uses low latency technology so theres no 
lip sync issues! Powered by USB. Includes 3.5mm, 
S/PDIF, USB & RCA cables 


® 
$59 T 2163 


Get started in electronics 
with this handy 20pc kit. 


A jam packed starter kit including soldering iron, 
multimeter, solder sucker, wire stripper, cutters, pliers 
and more! Ideal for beginners & enthusiasts. 


A1107A 


$9018 
NEW! 


$895 






Charges: 
Li-lon, Ni-Mh 


& NiCd tp-link 


Rechargeable 

2 In 1 Lantern Torch 
Powerful 300 lumen, 3W LED 
torch with aluminium body, 
adjustable beam & USB rechar- 


Do-It-All Battery Charger 
Powered by USB, allowing you to stay clear wide angle 
vith instant alerts of movement, plus 
way audio 


ging. Includes battery. 


AAAA to C size Ni-MH/Ni-Cd 


e Kasa home app. 


Va 


A0204 


Handy Laser 
Pointer Pen 
Up to 50m range 
with 1mW red laser 
diode. Includes 


erformance 


SAVE 32% 


M 8881 sae 


Charge 8 USB devices at once! 
Got a family full of dev 
outputs up to 12A or chargin 

A all your tablets and phones juiced up! Includes 
2xAAA batteries fa power cord 


, 
14 Piece Hobby Knife Kit 
Must have for all types of hobbies 
Inc luminium handle with 
13 blades to suit different jobs 
With plastic carry case 









his handy rger 
urrent to keep 


$125 Pak 


TP-Link® Wi-Fi Indoor Camera 


See last page for store locations or visit altronics.com.au 





ALTRONICS 


Build It Yourself Electronics Centres® 


5 In 1 Smart 
‘Coding Concepts’ Robot Kit 


This new kit features a 
central coding ring which tells 
the robot which direction to 
move and when to perform 
an action. Can be built and 
re-built 5 ways. Teaches 

kids about coding with no 
computers required! Requires 
1xAAA battery. 





. 
ie) 


\ 
| 95 
K 1154 $44 


Create 
Amazing LED 
Light Effects! 
5m reel of 
addressable RGB 
5050 LED strip - this 
means you can 
program the colour of 
every individual LED 


\ 























Ss e using an Arduino/ 
war e e Raspberry Pi. 60 LEDs 
5050 size “4 S per m. WS2812B 
F LEDs for . chip on board. 10mm 
superior light per 5m roll. width, adhesive 
output! backed. 5V, 3.6A/m 
x 3223, |SAWE $30 ca 


Blast away dirt 
& grime on parts 
This is a true price breakthrough 
for a quality ultrasonic cleaner for 
your workbench. Great 
for cleaning small parts, 
jewellery, shaver heads, 
glasses and more! Shifts 
grease, dust and gunk from | 
tiny crevices in just minutes. 
Tank size: 155x98x52mm. 


Makes 

jewellery —-——~ 
sparkle 
again! 








T5021 
445x330x128mm 


Analogue Multimeter 
Lockable Tool Field Case Ideal for observing constantly 
With removeable tool pocket & perforated varying quantities such as cycling 
foam inner to keep gear secure. Sturdy voltages or speaker resonance 
protection for your valuable equipment. testing. 









Sale pricing ends November 30th 





$59 


SAVE $10 M 8868 


Need a laptop charger for your 


workbench or office? 

This 45W USB-C power delivery (PD) charger 
offers fast recharging for MacBooks, Nintendo 
Switch and other type “C” equipped devices. 
Also provides two type “A” USB outputs. 


2 in 1 Battery 
Bank Compact 


$25 


Portable Power 


* Includes carrv case and charging cable. 


S 2682 


Dual 12V Car Battery Isolator Kit 
Provides everything you need to wire up a sec- 
ondary battery in your vehicle - vital for powering 
appliances at campsites, inverters etc, and 
isolating the primary battery so you have enough 
juice to start your car! Instructions included. 


Bar Graph 

LED Volt Meter 
5-15V DC range. Ideal for 
monitoring auxiliary batter- 
ies. 29mm mounting hole, 
fits P 0679-81 mounting 
accessories. 


Contura Style 


battery volt meter. 


The perfect every day accessory for the handbag. * Dual 
mirror (with magnified view) * LED ring light for a clear 
view * 3000mAH battery bank for recharging your phone 


4.2A USB Charger 
Fits standard blank switch 
recesses, Dual output with 






















itor and control via your phone. 





Pop Up 
Power 
Board 
Fits into your desk 
or bench and at the | 
touch of a button it 
pops up to provide 
3 mains power 
outlets and USB SAVE 22% 
charging. Requires 
sams Pe hole. Multi-Stage Weatherproof $99 
.8m cable. 2 
Vehicle Battery Chargers 
Automate lighting & Each model utilises a microprocessor to 85346 /12V 4.5A7 Stage 
669 ther appliances ensure your battery is maintained in tip- 
3 PP! i top condition whenever you need it. Helps 
SAVE$30 _ Switch aks lineal aise to extend battery service life. Suitable | A Je) 
+I bape 2 Reaper aid antlers for permanent connection. Great for 
: in the world. chedules, mon- ‘ 
P8146 se & caravans & seldom used vehicles. M8536 12V 10A 10 Stage 






4000mAh 


oy 


~ 


N 2023 10A 


Get the most from your panels 
with a MPPT regulator 

This MPPT regulator employs special circuitry 
to gain up to 20% additional charge from 
your existing solar panels. Suits 12 or 24V 
systems. Easy to set up and connect yourself. 
Also available in 20A, N 2024 $159. 


P7790 15A 
P7794 30A 
P7790 45A 


SBS Mini Anderson 
Connectors 

Genuine Anderson brand. 
Compact high current 
genderless design. Complete 
connector kit including 
crimp lugs. 


altronics.com.au » 24/7 ordering » In-store order pick up. » Fast delivery. 


SAVE 22% Picco | re) 





D 0507A 2A 8000mAh 


Super Slim Battery Banks 
Emergency pocket power supply for 

your phone, tablet or drone. Slimline 
aluminium design with carry pouch. Micro 
USB recharge (cable included). 


Figure 8 Red/Black 
The cable of a million uses! 
A great general purpose 
electronics cable - don’t let 
your workshop run out. 7.5A 
rated. 24/0.20. 30m roll. 









<? 
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~ 
Inflate a tyre. Start a flat battery. 
Great for the 4WD/car enthusiast. Features a 16800mAh battery bank plus 
emergency compressor to top up tyres (max 8 mins run time). Provides 600A 
peak battery cranking output. 12/16/19V & USB output for powering devices. 













GREAT FOR: + Motorbikes * Caravans * Boats * Vintage cars * Jet Skis * Mowers * Golf buggies & more! 


Keep vehicle batteries in top condition 

These compact monocrystalline solar panels are designed for keeping your vehicle batteries topped 
up when parked. Easy croc clip or car accessory plug connection. Can even be permanently installed 
outdoors. 1OW: 377L x 212W x 17D mm. 15W: 40L x 343W x 17Dmm. 


L1041 
SAVE 35% 


$19 


Power Accessory Plates 
Power 12V appliances in the caravan or 
4WD. L 1046: cig socket+volt meter. 
L 1041: merit+cig socket. 


P 0611 Socket 


si 








Spring Terminal 
DC Plugs 

2.1mm DC connectors 
Simple spring terminal 
connection for anything 
DC powered. 





Super 2 

















Quiet Noise 
Cancelling 6 
Headphones Have a wireless 


Designed and 
engineered in 

Silicon Valley, USA! 

No pesky outside 
interference with world 
class noise reduction 
technology. Bluetooth 
wireless with 12hrs of 
listening time. Includes 
pouch & USB charging 
cable. Plus 3.5mm cable 
for wired use (add P 0318 
$4.95 for airplane use) 


workout 
Sweat resistant headphones - ideal for any strenuous activity. 
Adjustable ear pieces for the perfect fit. Easy on ear track 
selection, volume adjustment and call management. Up to 7hrs 
from one charge. 15m range. 


o) 


C 9037A 















Comfy Monitor 
Headphones 


Just the shot for monitoring 
your mixing efforts. Deep 
bass with crisp treble 

and full midtones. Very 


Jabees® “Beebud” 
Wireless Earphones 


New upgraded model features 
Bluetooth 5.0 for improved range 


and audio quality - plus automatic 

quality - pl Ausdom ANC7. comfortable! Detachable 
power up & connection. lead with durable sheath 
These new Jabees ‘true wireless’ bluetooth earbuds are Amazing sound C€ 9021A ei bans 
perfect for exercise - they're sweat resistant, light weight quality - you be the 






and provide Yhrs of listening time. Includes charging case 
and replacement earbuds, 





i i i 
judge, demo in store! — 


Get great vision & sound for less. 





Add Bluetooth® audio to your 
favourite speakers! 


Why buy new bluetooth speakers when you can add this module to 
existing speakers? Streams music direct from your phone! 


All your home 


entertainment 
in one box. WiFi Wireless Ceiling Speakers 
UPDATED FOR 2019! Latest These stunning high performance kevlar Cor akers offer wireless 
Quad Core A53 CPU and ‘wireless ro 

Android 8.1. Stream direct to 

your TV from local media libraries, plus YouTube : piraaed mca ol ba 5 
etc. Capable of streaming stunning 4K videos @ ar d aker. DEVICE (notincludea) _(P/supply included) 
60fps! Requires 2A USB power supply (M 8862). ep ost j 


<i 0 
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‘edge to edge’ grille. 
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AE1101 AALOSB — SAVE 25% 
Bluetooth® $195 2 Way Bluetooth® s54%5 I $22 | SAVE UP TO 15% 
3.5mm Jack Wireless Audio P 5976 Dual a 
Instantly add wireless audio to any Transmits or receives audio via Bluetooth 4.1. Can Handy HDMI Wallplates P5970 Single Active Optical HDMI Cables 
3.5mm input - like your car, head- be powered via USB on your TV (cable included). With easy back to back fly lead connection, Altronics Culling edge Acting Otical Cable: AOC) HOM 
phones or home amp. USB recharge: Uses low latency technology so theres no lip sync dual cover fascta plate ailows'you'to match your saucy ees tart a are eared 
able battery provides 4 hrs listening. issues! Includes 3.5mm & RCA cables. existing decor each Anlicacas eetanant cae 


Plus, its thinner, lighter & more flexible! Totally 
eliminates the need for long distance baluns and 
boosters for HDMI signals. Lifetime warranty. 


Model Length Normally | now | 
~ p77 10m ~—ssoo ES 


| $42 eaiaan p7aze am Ss zag ARS 
USBC ” p7azg ism = $230 AR SE 


©. 


P 7394 





; Mini HDMI Repeater 
VGA to HDMI & 3.5mm Audio Adaptor —_USB C to HDMII Adaptor to HDMI Cable Extends HDMI leads up to P7430 20m ~=—s sa 
Ideal for connecting VGA equipment to modern Provides USB 3.0 Type A connection & 3m length. Hook your 50in: Inline Connection 
HDMI monitors & televisions. Supports virtual HDMI output up to 4K @ 60Hz. Ideal for cfictia Fa iapton ma ie Supports 4K @ 60H2 - i. P7432 30m $259 | $235 | 
7.1ch audio over HDMI/3.5mm output. USB C equipped laptops/ MacBooks any HDMI monitor. 56 metres, P 7434 50m $299 | $269 | 


see last page for store locations or visit altronics.com.au _ Sale pricing ends November 30th 2019. 





A favourite of e-textile/cosplay 
builders providing a way to light up 
costumes, decorations and DIY signs. 
All sold in 3m rolls. Works with 

X 4101 controller which is powered 
by 2xAA batteries (S 4906A long life 


No more y ) ee SF a lithium AA $8.50 2pk). 


X 4201 5 Dioptre 
Roll X 4105 Green 


eye strain! x 12003 vioptre 













Ultra-bright long life The ultimate ry = X 4106 Blue 
LED for fantastic clarity (plus camping, fishing, anything light! | a" 5 X 4107 Red 
no need to change a globe - Provides 5 hours use from a high performance lithium ss <9 m X 4108 White 
EVER!). Let “gadget” be your i battery. Folds flat for easy storage and recharges from any 

eyes. Identify those impossible USB mains (M 8861) or car charger (M 8628). It can even 


to read miniature parts recharge your phone from its battery! 10W, 1000 lumens. 


without straining your eyes. 
Great for collectors, model 
makers, jewellers etc. 







Cable Free | Instant 












Ss I r Light “ight! X 3260 x 
Stylish motion SAVE 25% * 
activated design. X 2375 q “ 
Charges by day, lights a a SAVE S14 : a 

at night. Requires no  Eacy Camn Site LED Licht “ 
batteries or cabling. So Site LED Lighting Strip 


mporary lighting at campsites. * Yellow light reduces 





Quali hs) Agreatwayto ——olour / Chip Size / IP Rating Part Normally 


light up kitchen 
Strip Lighting 






cabinets & bench Warm White 3528 Indoor X3200A = $27.95 


tops. Cut to White 3528 Indoor X3202A $27.95 
length or solder 
together. Prices 
per 5m roll. White 5050 Indoor X3210A $49.50 


Warm White 3528 Outdoor X3204A $37.95 





Warm White 5050 Indoor X3208A $49.50 


White 3528 Outdoor X3206A $37.95 
Warm White 5050 Outdoor X3211A $59.95 





White 5050 Outdoor X3212A $59.95 Neon Flex Rop 
Blue 5050 Indoor X3209A $54.50 LED Lighting 
Yellow 3528 Outdoor X3207A $50.50 eae cacnimms colour 






stunning coloured lighting i X 3300 
effects or cut and shape 
into your own custom 

, ie’ : “neon” signs. Ultra flexible Nat. White X3302 
Night Light & ‘ A Pt ek aa ae ee ed HH Green — X 3303 
Torch Com | ini Wor mm. input, bare 
c bo Light end connection - works i Red X 3304 
Features a mini Get a crisp clear view! great with P.0610A H Blue X 3305 
flood light, top This stylish white desk lamp 2.1mm DC jack. IP65 X 3306 
mount spot torch provides up to 1000 lumens weatherproof. 5m reels. 
& SOS son : of crisp ‘daylight’ for your work 
Require space. Adjustable brightness via 
batteries (S4949B). touch sensitive buttons. 






Blue 5050 Outdoor X3205A $64.95 






W/White X 3301 









Lights up auto- 
matically in a power 
failure. Works as a 
normal night light 
when power is on 

No batteries required! 













X 4220B 


= \ ; X 3250 Warm White 
X 3251 Natural White 


X 0202 
HALF PRICE | $995 x 0212 Pa] . 
Waterproof Head Torch 400 Lumen Hand Torch Aluminium 12V LED Str Ips 


3 Watt Head Torch Designed to be a task light rather than being Tough aluminium case with USB * Stylish LED strips for workspaces, cabinets, cars etc 
Taking the kids camping this summer? Pick blindingly bright, this handy head torch is recharging (when fitted with included * Easy to mount & power. * 25Wx10HxS00Lmm. 

up these great value head torches. 150 ideal for reading, campsite tasks like cook- 18650 battery). Also includes 3xAAA * 4 strips can be daisychained using X 3255 joiner ($2.95) 
lumens. Requires 3xAAA batteries (S4949B). ing Requires 2xAAA batteries (49498). battery adaptor. * Suggest M 8936B 2A plugpack ($21.50). 
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Save on quality live sound equipment. 


Ea ~SAVE 


SAVE $50 fll me — 
¥ Wee system 





Biema® Power Amplifiers. 
Stunning performance! 


The latest release from Biema® with several key enhancements in 
cooling, efficiency and circuit protection. High power non-bridgeable 
design is perfect for DJs, bands, function venues using foreground sound 
reinforcement. 3 pin XLR and 6.35mm inputs. Speakon and binding post 
outputs. 2 year warranty. 


Redback® 
2 Channel UHF Wireless Mic Systems 


Provides up to 50m wireless freedom for announcing, lectures, meetings etc. Ideal for function 
centres, restaurants, sporting clubs & pubs. Mics require 2xAA batteries each (S 4955B $3.95 
Apk). 520/524MHz. 


* C 8882B Handheld Mic & Beltpack Mic + C 8881B Two Handheld Mics 


A 4155 2x150W 


$545 


A4157 2x250W 





6 Channel Mixer S : a 
With USB Audio Player : 


A great small venue audio mixer! 
Featuring USB/SD card playback with 
easy to use controls. All channels 
feature balanced XLR, unbalanced 
6.35mm, insert inputs, high/mid/low 
adjustment, pan & gain level. 








A 2651 
SAVE SAVE SAVE 


$160 =x | 9258 $268 








; 





- 
y am eo “§ Rugged Portable 2-Way 
me 6 2 
yy im > om Event Sound PA Speakers 
‘ P0764 $40° Superbly engineered by Biema USA. Will not disappoint! Compact rugged ABS portable 
P 0685A 10m cy 11) cabinets with high performance drivers and superb tuned enclosure. Just the shot for bands, 
P.0686A 20m Djs, venues etc. Speaker stand recess in base with in-built carry handle. 
XLR Z Cable Adapter Speaker Hook Up Cables 


Quickly adapt and split signals between 


Premi ; % s 
genders of 3 pin XLR: 20cm, remium quality 10 & 20m “SpeakOn” style 


cables with 2 core 2.5mm? copper conductors. 


¢ 1000¢ $800r" c 1004¢ ¢ 1008C 
10” 300W 12" 400W 15" 450W 


A 4201 
SAVE $50. 


$165 





MEOUACK 
A 2548 





2 


ae a: oO 4 


ON/OFF 


Entertainers Mile 


* One of our 7 time bi 


on/off 


Bluetooth® 2x50W Amp 


Stream a rectly from your di to your 
e y or entertaining area 
5mm and RCA inputs. 


dphone amplifier. Includes 


controller 2x1 5W MS s 
speakers: in the 
oom. Plus, in-built FM tuner 


* Includes 6m X' banana speaker plugs & 3.5mm t 


A 4198 


Four Stereo 30 brs presales In ONE! 

Ideal for m oar e 0 er zone (15W 

ch). Indi U t nel ply 
RCA in 


Boost Your Headphones 
level from your 


Portable Micro Mixer 


¢ Perfect for small productions. 


outputs. Supports PCM audio 
bit). USB 


See last page for store locations or visit altronics.com.au 


Sale pricing ends November 30th 2019. 
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if 


a 
Iroda 


High Output . 
Blow Torch X 4306 


Super hot 1350°C 
flame with high output SAVE $69 


nozzle. Handheld 


or self standing 
design for tasks such | NEW MODEL! | 
& heen Core I3 Desktop 3D Printer DIY Kit 


model making, silver Get a close up view with a Add 3D printing to your workbench to produce working prototypes, ‘one-offs’ & finished 

soldering! oe desktop microscope designs downloadable from the internet. From printing your own gaming pieces to 

oul cosplay parts & fixes for broken parts, this printer adds versatility to any workbench. 
This high resolution 12 megapixel 200x USB Filament roll holder to suit K 8403 $17.95. 


micrscope allows close up inspection of just about 


anything! USB PC interface, plus HDMI output Features: * 200x200x200 build volume® PLA filament * Pre-terminated cables 


for monitor connection. 220x magnification with for easy construction * Heated auto levelling print bed * Build time ~3 hours. 
10-50mm focal length. in-built 2.4” LCD. 















Includes: * lron * Solder * Cleaning sponge » Hot air tip 


® 
lroda * Hot knife tip * Chisel tip * Gas filter * Carry case 
Butane ' fs 
4 Pack ey g 
Stock up the “ph _ Be ait } 
workbench with Butane Gas Butane Gas *utane Gas ° 


ail h 
=) 
a a ih 










this value pack toda | " é 
cbr nde ~ SAVE 10% * Swing Arm Benchtop we | 
Doesn't clog your fia Fume Extractor —* ‘ Pare eae 
tools like the Whisk away irritating solder a cc Py Our best selling portable iron: 
cheap stuff! fumes instantly as you work ~ 
No eB! The replaceable active carbon Iroda® 125W ‘Go Anywhere’ Gas Tool Kit 
T2451 eee ee) ed filter absorbs fumes for a : : 
cleaner work environment, * Wireless operation - No need to run extension leads to your work area * High 
sabe ane Includes 100mm ducting quality construction * Easy to light, one-click piezo ignition * High reliability & 
jodel I 


adaptor. Easily screw clamps to long life tips * A great portable soldering solution! Powers on for up to 4 hours 


T 2971A 8mm your work bench from a full tank of gas! 


T2972A  =12mm 
T2973A = 16mm 
T2974A4 =19mm 
T 2975A 24mm 
T2976A 36mm 





High Temperature Polyimide Tape 
Great for 3D printing, leaves no residue in high 
temperature masking applications. 




































} 1000V Precision Driver Kit ; ‘ 
Get a crisp close up view 
Monster T 2948 : Smaller sizes than most 1000V rated driver h : } te 
50m Roll 11 Pc Screwdriver Set T2198B cots. Ideal for servicing AC equipment. 3 flat ox magnifier with LED backlight. Great 
Of Gaffa! Quality set of flat blade and phillips screwdrivers. blade (2.0, 2.5 & 3mm) and 3 phillips (#000, for reading fine print, sewing etc. USB 
K for general repairs. Chrome vanadium #00, #0). T2188 rechargeable. Includes carry case 
Holds together : ‘a : 00, #0) 
just about 
anything, | SAVE 20% | ~ oo gy 
Tough and 4 er 
sticky. 
Bare T 2748 
Conductive® Superb 
Paint T 27450 ual! 
Draw real circuits on “¢ ; Sse 
almost any surface! - > 5’C 
: c - arbon Steel 
Great for repairs or eae Rotating PCB Holder Super Comfy Effortless Cable Side Cutters 
experimenting. 40m! Tube A must have for the electronics sas . . A . 
4 5 Precision Snippers Stripper & Slitter Tough carbon steel blades, stay 
enthusiast! Work on boards up to 200 , ei " : 
T 3133 x 140mm. Heavy springloaded base Ideal for trimming Great for power cable stripping sharp longer. Ideal for cutting 
50ml Jar with rabBer feet eins ; component legs. up to 25mm outer diameter solid core wires. 
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Great deals on installer favourites... 


Powerful 
diagnosis tools 
in the palm of 
your hand. 


All the power of a bench- 
top oscilloscope in the 
palm of your hand. This 
compact digital storage 
oscilloscope and digital 
multimeter makes field 
testing easy, even when 
working in tight spaces 
or with equipment on 
site. Offers 2 channels 
with real time sam- 
pling of 125MSa/s per 
channel with waveform 
comparison tools and a 
full range of accessories 
(plus carry case). 


19” Rack Products 


HD5506 6RU =HD5509 9RU 


Wall Mount 19” Comms Racks 


a 


Handheld Oscilloxcope 


_& 


= = oe ae 
mm a a 
ra a 


4 > 
v 


a ag 


$89°> we 


Q 0965 
mA com WAO/Ci+ 
A « 600A AC/DC Clamp Meter 
CS tal ea Safe and easy measurement of AC 


& DC voltage/current. In-built non 
contact voltage detection indicates 
live AC wiring, includes test probes, 
temperature probe & carry case. 


T2178 


Q0102 $349 


need 





HD5512 12RU 


be 2 


up DR 


10 Crimping Tools In One! 


Virtually every crimper you'll ever ne 






Detect lethal 
AC voltages 
instantly. 


This non-contact probe 
detects cabling and power 
outlets with live AC power 
(100-1000V). An essential 
preventative tool for trades 
people. Waterproof case with 
in-built torch 


re 


3) 


S$ 8747A 





$259 


Q 1340A 


Track, Trace & Verify 
LAN Cabling 


Got a rats nest of LAN cables? This handy tone based 
cable tracer allows detection and verification of STP 
cabling over distances up to 3km. A must have for 
the data and comms technician. Suits standard and 
PoE lines and provides cable mapping functionality. 
Includes battery. 


Take snapshots 
& record video 


*Phone for 


iNustr purposes. 


Handy Wi-Fi Endoscope Camera 


Great for diagnc 


blems in hard to reach places, this handy 
pixel 


a mera, viewable on your 
up to 4 device 


at once. LED camera 
et & mirror attachments 


Enclosed 19” rack system designed for mounting equipment 
up to 400mm deep. Ideal for combinations of patch panels, 
security & audio equipment. Can also be floor/desk mounted. 


T 1568A 


Deluxe 
Ratchet 
Modular 
Crimp Tool 


Rating 


Time Saver Snap-Fit 
19” Rack Panels 


Save time and money! No more 
fiddly cage nuts and bolts to screw 
in, Just slide in the clip and push 
fit for a secure fitting between 
equipment. H 5177: Fitted with 
brush bristles for cable entry 
whilst minimising dust ingress. 


1RU Vented 


All heat & no flame! 


lroda® Pocket thermo-gun. 


PoE Network Tester 


Test live ethernet cabling for data and 


2RU Vented y RJ connectors: 


; Inbuilt stripper and cutter. All metal 
1RU Solid i. 
i n- built tough for ¢ 


2RU Solid 
3RU Solid 
1RU Brush 


Take the hard work 


out of cable runs. 
Flexible spring steel 


tape reels. T4606 15m 


Coupler Cat6a Patch Panels 
Easy back to back connection for use with 
pre-terminated leads. No fiddly punchdown 
terminals! Includes cable support bar 

on rear. 


T 4610 30m 


T 4612 60m 


Sale pricing ends November 30th 2019. 


| $79 13199 | 


D5137A 
24 Port 


D5139 
48 Port 


See last page for store locations or visit altronics.com.au 














$49°> ‘ 
K 1152 


Scurrying Hedgehog Kit 

This cute hedgehog toy kit bristles his spines when 
he hears a loud noise (such as a hand clap). He will 
even curl up and roll away if you scare him! Features 
light up eyes and motorised feet. Assembles in <2 
hours with no special tools required. Requires 4 x 
AAA batteries (S 4949B $9.95). 


14 Solar Kits In One! 
A fun and educational kit des 
assemble 14 different \ inspire Featu 

powe into a 
red. Require struts 


batteries. Ages 8+ in the 


130in1 
Electronics Learning Lab 


A comprehensive 

Build a radio, bro 
circuits & more. Requi 
2pk $4.95ea). Ages 10+ 


ALTRONICS 


Build It Yourself Electronics Centres 


vith many hours of building. 
ion, organ, kitchen timer, logic 
xAA batteries (S 4906 lithium 





$43 


K 1148 


Tobbie The Smart Robot Kit 


PAWip aa (ct-4-x-0 co) ole) a tlm (=f -14 16M CoM 110) 6 Me) 0) (-1e1 come) g 
follow you around the room. Easy to build. Interactive 
Al develops its own emotions and gestures. Requires 
4 x AAA batteries (S 4949B $9.95). 


Mini oor Bug Kit 


Solar Recycler Kit 


k cans & ol 


bout when you place it 
in. Ages 8+ 


4 in 1 Robotics Kit 
Assemble 4 robot 

teach k 

in a fun way! 

No soldering 





Sale Ends November 30th 2019 
Phone: 1300 797 007 Fax: 1300 789 777 
Mail Orders: mailorder@altronics.com.au 










Tobbie II Robot Kit 


A great STEM robot for the classroom! 
Tobbie is back and he’s had an Wa 
upgrade! Now powered by the 

popular BBC micro:bit board, this 

new version has unlimited scope 

for self programming. Front screen 
displays text & symbols. Great for 
teaching kids coding. Requires 

4xAAA batteries (S 4949B $9.95) 

and BBC micro:bit board. 


$59-5 K 1150 
or $89.95 with BBC ak 


micro:bit starter pack = i 
(26440). SAVESS.50, = ~~ 


3 In 1 All-Terrain 
Robot al 


igle kit can be 
pacity 


| all terrain 
NASA 


teries 


uilt) three 
Wired re 


led on famo' 


Air Powered Buggy Kit 
Requires no batt 
conventional fuel to make it d 


x Mou S 
er with 


into p 
of fun for kids ene 8 or 
adult help), 8+ 


or younge 


. 
Find a local reseller at: 
altronics.com.au/resellers 

Please Note: Resellers have to pay the cost of freight & insurance. 


Therefore the range of stocked products & prices charged by individ- 
ual resellers may vary from our catalogue. 





Western Australia Victoria 
» Perth: 174 Roe St 08 9428 2188 » Springvale: 891 Princes Hwy 
» Balcatta: 7/58 Erindale Rd 08 9428 2167 » Airport West: 5 Dromana Ave 


» Cannington: 5/1326 Albany Hwy 08 9428 2168 
» Midland: 1/212 Gt Eastern Hwy 08 9428 2169 
08 9428 2170 


» Myaree: 5A/116 N Lake Rd 


© Altronics 2019. E&OE. Prices stated herein are only valid until date shown or until stocks run out. Prices include GST and exclude freight and insurance. See latest catalogue for freight rates. 


New South Wales 
» Auburn: 15 Short St 


Queensland 
03 9549 2188 » Virginia: 1870 Sandgate Rd 07 3441 2810 
03 9549 2121 South Australia 

» Prospect: 316 Main Nth Rd 08 8164 3466 
02 8748 5388 
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Interesting circuit ideas which we have checked but not built and tested. Contributions will be 
paid for at standard rates. All submissions should include full name, address & phone number. 





Simple digital sinewave generator 


I recently designed a circuit to 
change one’s voice to sound like the 
Daleks and Cybermen from the science 
fiction TV show, Doctor Who. 

To do this, I used a balanced modu- 
lator IC fed with amplified voice as the 
carrier and a sinewave oscillator as the 
modulator. To make it sound realistic, 
I used the original BBC frequencies for 
the oscillator. 

The hard part was making an am- 
plitude-stable low distortion sinewave 
oscillator with a frequency that could 
be varied from 30-200Hz by changing 
one resistor value. This is the circuit 
I came up with. 

The DC voltage on the wiper of the 
frequency control potentiometer (VR1) 
is filtered by a 100nF capacitor and 
then read by the internal analog-to-dig- 
ital converter (ADC) of the PIC16F88 
microcontroller (IC1). 

IC1 generates digital sinewave val- 
ues at its 8-pin RB output port, and the 
ADC reading determines how long it 
pauses between each step and there- 


FREQUENCY 


siliconchip.com.au 


fore, the sinewave frequency. 

A 32-point lookup table provides the 
instantaneous value of a sinewave at 
each point at 11.25° intervals through- 
out the 360° cycle (ie, 360° + 32). 

The digital value translates into 
eight digital levels of either OV or 5V 
at each of the eight RB port output 
pins. These are translated into a pro- 
portional analog voltage by the R-2R 
network, which is contained within 
a single device: a Bourns 4310R-R2R- 
103LF resistor network. 

The resulting voltage is buffered by 
op amp [C2a, and its output is then 
fed into a second-order low-pass filter 
built around IC2b, which has a -3dB 
point of 402Hz. This removes most 
of the steps and harmonics from the 
sinewave. 

If you analyse the stepped waveform 
at output pin 1 of IC2a, you will find 
that there is very little second and 
third harmonic distortion present, 
which is why the roll-off frequency 
is set so high. 





Australia's electronics magazine 


The maximum sinewave frequency 
that can be produced is determined by 
the shortest time that the microcontrol- 
ler can be paused. If this time is t, then 
the maximum frequency is 1 + 32t. 

The rest of the circuit is a simple lin- 
ear regulator arrangement, to provide 
a stable 5V supply for IC1 and IC2. 

The PICBASIC source code (Osc. 
BAS) and HEX file (Osc.HEX) to load 
into IC1 are available for download 
from the SILICON CHIP website. 

Les Kerr, 

Ashby, NSW. ($75) 

Editor’s note: this could be used in 
combination with “Voice modulator 
for sound effects” Circuit Notebook 
entry from the August 2019 issue 
(siliconchip.com.au/Article/11777); 
we published an erratum for that item 
in the October issue. 

The Bourns resistor array is available 
from Digi-key, Mouser and element14. 
In a pinch you could use +1% resis- 
tors, potentially with slightly degraded 
performance. 





REG1 LP2950-5 


OUT IN 0+9V 
+ | GND ‘ 
100pF 100nF SH 100uF 
Oo OV 
(P2950 ? 
GND 
us 33nF 
fes> , 12ka | 12ka ; 
7 
- ; © OUT 
IC2: LM6482B 
33nF 
A7kQ 
1 pF 
0 OV 
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Shunt regulator for wind turbines 


Wind turbines need to be protected 
against excessive rotational speeds. 
Without such protection, a wind tur- 
bine may experience undue stresses 
in its moving parts, such as blades 
and bearings, during periods of high 
winds. These stresses may lead to pre- 
mature failure of the turbine. 

Shunt regulators are commonly 
used to protect the wind turbine. A 
controller of this kind works by auto- 
matically applying a load, usually in 
the form of one or more resistors (col- 
lectively referred to as a dump load) 
to a wind turbine. 

The dump load exerts a braking 
force on the wind turbine to main- 
tain the speed of the turbine within 
safe limits. 

The circuit described here has been 
designed for use with wind turbine 
generators rated up to 24V nominal 
output and 2kW power capacity. 

Its supply terminals can be connect- 
ed directly to positive and negative DC 
output terminals of a wind turbine. 
Turbines with three-phase AC output 
terminals may be connected indirectly 
via a three-phase bridge rectifier. 

The load dump resistor should have 
a power rating at least as high as the 
LOAD TERMINAL 





POSITIVE SUPPLY TERMINAL 


FROM 
WIND 
TURBINE 
+ OUTPUT 


FROM 
WIND 


power generation capability of the 
turbine. 

IC1 is a TL594 switchmode control- 
ler IC which is functionally identi- 
cal to, and pin-compatible with, the 
industry-standard LM494. The main 
difference is that the TL595 is recom- 
mended for operation at temperatures 
below 0°C, whereas the LM494 is not. 

Internally, IC1 comprises a pair of 
comparators, an oscillator and as- 
sociated logic circuitry. The latter is 
connected to an output driver stage 
which can be programmed for either 
push-pull or, as in this case, single- 
ended operation. 

The comparators have positive 
inputs (pins 1 and 16) and negative 
inputs (pins 2 and 15), as well as a 
common output connection at pin 3. 
Only one comparator is required in 
this application; the two comparators 
are connected in parallel, to act as a 
single comparator. 

The negative comparator inputs are 
connected to the junction of a voltage 
divider across the positive and nega- 
tive supply terminals. This voltage is 
compared with a 5V reference voltage 
which comes from the Vpgr pin (pin 14) 
and is fed to the positive comparator 








inputs. An RC network from the com- 
parator output at pin 3 to the invert- 
ing input provides a small amount of 
hysteresis. 

The result is two pulse-width modu- 
lated (PWM) signals at output pins 9 
and 10, which have duty cycles pro- 
portional to the supply voltage. These 
signals drive the gates of Mosfets Q3- 
Q6 via diodes D2, D3 and four 10Q 
resistors. 

Transistors Q1 and Q2 serve to 
speed up the switch-off, despite the 
relatively high value of the 1kQ pull- 
down resistors. 

The negative supply at pin 7 of IC1 
is connected to ground via schottky 
diode D1. This provides a small nega- 
tive bias voltage (around 400mV) at 
control pin 4 relative to pin 7, thereby 
extending the duty cycle range beyond 
the normal 80% obtainable with the 
TL594. The duty cycle is extended 
from a minimum of zero (when the 
supply voltage is less than the 37V 
threshold) to a maximum of 100% at 
higher voltages. 

The exact threshold voltage is not 
critical. Ideally, it should be slightly 
above the normal operating voltage 
range, but well within the safe oper- 
ating range, of both the turbine and 
equipment to which the turbine is 













32 AT 500W; 


*SUGGESTED MAXIMUM DUMP RESISTOR VALUES VS RATED WIND TURBINE POWER: 1.50 AT 1kW; 


0.752 AT 2kW 






TURBINE 
- OUTPUT a 1 i i 1 1 1 1 
NEGATIVE SUPPLY TERMINAL Bi “a 
C327 > o> 
1N4148 BAT42 FR107, HER3O7 B J J ¢c 7G D 
= {es {fi a a} BLA p< _sIRFZ24, 
A'zp1 K A K A K E Cc CE TIP42A Ds IRF3710 
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to be connected. For example, if the 
normal operating range is 20-36V and 
the safe operating range is 0-45V, then 
a threshold voltage of about 37V is a 
reasonable choice. 

The threshold voltage can easily be 
changed by altering the values of the 
divider resistors across the supply 
terminals, connecting to pins 2 and 
15 of IC1. 

This circuit includes provision for 
driving a small fan to cool the Mosfets. 
This part of the circuit comprises PNP 
transistors Q7 and Q8 in a Darlington 


configuration, together with diode D6 
and an RC network. 

When the Mosfets are entirely off, 
the fan is not required. The 47pF ca- 
pacitor charges up to Vcc via the two 
10kQ resistors, so Q7 and Q8 remain 
off. But if the Mosfets are pulsing on 
while driving the dump load, the 
capacitor discharges via D6, caus- 
ing transistors Q7 and Q8 to turn on, 
which in turn causes the fan to run. 

Mosfet Q9, zener diode ZD1 and the 
4.7kQ resistor protect the circuit from 
reversed supply polarity. 


When the supply polarity is cor- 
rect, Q9’s internal diode is forward- 
biased and its gate is pulled positive 
relative to its source, so that diode is 
shorted out, minimising the voltage 
drop across the device. ZD1 prevents 
its maximum gate-source voltage from 
being exceeded. 

But if the supply polarity is re- 
versed, its internal diode is reverse- 
biased and its gate is pulled below its 
source, so Q9 does not conduct. 

Herman Nacinovich, 

Gulgong, NSW. ($100) 





Digital soldering iron stepping timer 


It’s easy to accidentally leave a 
soldering iron on for long periods of 
time. This is detrimental to the iron in 
general and the tip in particular, and 
it wastes power too. This circuit re- 
minds you that your soldering iron is 
still switched by waiting for a pre-set 
time and then sound a series of beeps. 
This timer does not automatically turn 
the soldering iron off; you must oper- 
ate the switch. 

This soldering iron timer should 
be placed on your workbench near 
to your soldering iron as this makes 
it easy to turn on the timer each time 
you turn on your soldering iron. Then 
after some time has passed, a series of 
beeps will alert you that your solder- 
ing iron is still running. You can then 
press pushbutton S2 to reset the timer, 
or switch off the soldering iron and 
the timer unit. 

The circuit is based on a PICAXE- 
14M2 microcontroller (IC1) and all 


1N4004 A 
K a 
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functions are software controlled. The 
elapsed time is shown on a 10-LED ar- 
ray (DISP1) which steps slowly from 
the upper LED to the lower LED over 
the timing period. This is followed by 
the lower LED flashing while the piezo 
transducer emits beeps at six-second 
intervals until the alarm is reset using 
S2 or switched off using S1. 

You can pre-set a default time of 10 
seconds (quick test), 10 minutes, 15 
minutes, 20 minutes, 25 minutes, 30 
minutes, 35 minutes: 40 minutes, 45 
minutes or 50 minutes. To do this, hold 
S2 while turning on power switch S1 
and the LEDs will light in turn to in- 
dicate each of the above times. Release 
S2 to make that time the new default. 
It is saved in EEPROM, and so is not 
lost when the power is off. 

The LED array (Jaycar ZD1704 or 
similar) has its anodes driven from 
10 output pins of microcontroller IC1. 
Since only one LED is on at a time, 
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their cathodes can share a common 
220Q current-limiting resistor. 

Digital input C3 (pin 4) is used to 
monitor pushbutton S2. An in-circuit 
serial programming header is pro- 
vided, connecting to the serial input 
(pin 2) and the serial output (pin 13) 
of the microcontroller to update the 
firmware. 

Power is from a 6V battery pack (eg, 
four AA cells) via power switch S1 and 
reverse-polarity protection diode D1. 
D1 also reduces the battery voltage to 
below 5.5V, to suit the requirements of 
microcontroller IC1. You could use a 
plug pack rather than batteries; a USB 
phone charger will supply 5V DC. 
Higher-voltage plugpacks will need a 
5V regulator added. 

The prototype was built on a single 
DIP pattern stripboard, but two boards 
could be used, with one for the mi- 
crocontroller and one for the LED ar- 
ray. The board assemblies can then be 
mounted in a suitable Jiffy box along 
with the battery, power switch and 
push button. 

The beeper is a piezo transducer 
(Jaycar AB3440 or similar), and the 
alarm sounds are produced in soft- 
ware. Pushbutton S2 should have tac- 
tile or snap-action contacts. 

The PICAXE website explains how 
to use your PC or laptop to program the 
PICAXE14M2 microcontroller (IC1). 
You will need a USB cable (P-AXE027 
from Wiltronics), a copy of the free pro- 
gram editor and a suitable USB driver 
(www.picaxe.com/Software/Drivers/ 
AXE027-USB-Cable-Driver/). 

Download the PICAXE BASIC pro- 
gram “timer_iron1_14m2.bas” from 
the SILICON CHIP website, then upload 
this program to the chip using the USB 
cable connected to the ICSP header. 

Ian Robertson, 

Engadine, NSW. ($75) 
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“The Farmer’s Friend” - discrete pump timer 


Rural properties that rely on tank wa- 
ter often have an electric pump which 
is activated by an internal switch. This 
detects low pressure in the pipes, indi- 
cating a demand for water. If the pipe 
leaks, the pressure will remain low 
and the pump will run until the tank 
is empty; a serious loss at any time but 
disastrous in times of drought. 

This circuit is designed to allow in- 
termittent activation of the pump due 
to normal usage, but if the pump runs 
continuously for a set period, power 
to the pump will be cut off until the 
unit is reset. The circuit might also 
have other uses. 

We have published a few circuits 
in the past which do a similar job, 
the most recent being the Cyclic 
Pump Timer from September 2016 
(siliconchip.com.au/Article/10130) 
and a 12V DC version of the same cir- 
cuit in the July 2016 issue (siliconchip. 
com.au/Article/10727). 

But both of those designs are based 
around a PIC microcontroller, while 
this one uses mostly discrete parts, 
plus a dual op amp and dual timer IC. 

When the pump switches on and 
starts drawing current, this is sensed 
by a toroidal transformer (T2) consist- 
ing ofa two-turn primary, with the sec- 
ondary being the windings of a 470pH 
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toroidal inductor (Jaycar Cat LF1278). 

The voltage induced in the second- 
ary is amplified by op amp IC1a, and 
diodes D5 and D6 rectify its output. A 
bleeder resistor is included across the 
smoothing capacitor to ensure rapid 
decay when the pump switches off. 

At pump switch-on, the output of 
Schmitt trigger inverter IC1b falls 
rapidly, triggering the first timer in 
IC2 via a 1nF capacitor to pin 6. That 
causes its output at pin 5 to go high. 
When output pin 7 of IC1b goes low, 
NPN transistor Q1 also switches off, 
allowing 100pF capacitor C1 to start 
charging from the 12V supply via the 
1kQ and 10MQ (R1) resistors. 

With these values, after about 17 
minutes, the timer will be reset via the 
voltage at pins 1 & 2, and its output 
(pin 5) will go low. This triggers the 
second timer in IC2, which generates 
a one-second pulse, activating latch- 
ing relay RLY1 (Jaycar Cat SY4060). 

This removes power from high-cur- 
rent relay RLY2, a 30A 12V normally 
open type (Jaycar Cat SY4040). Thus 
power to the pump is off until the cir- 
cuit is reset by pushing S1. 

If the pump turns off while capaci- 
tor C1 is still charging, transistor Q1 
switches back on and discharges the 
capacitor via diode D1, resetting the 
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time delay; there will initially be some 
residual charge in the capacitor due to 
the forward voltage of D1. The voltage 
at TP1 is low when the pump is on, 
while TP2 is low when the pump is off. 

If youremove D1 then pump switch- 
off could still be triggered even if the 
pump is cycling on and off, which may 
occur with smaller leaks, so this could 
be worthwhile. 

Power to the pump can be restored 
by momentarily pressing S1, which 
resets the latching relay and restores 
power to the pump. Pressing S11 dis- 
charges capacitor C1 via diode D2 and 
also triggers the first timer via diode 
D3, so if the pump is still active, the 
capacitor will resume charging. Other- 
wise, it will remain discharged as Q1 
will be switched on at the time. 

The maximum pump run time in 
seconds is approximately equal to the 
product of R1 in megohms and C11 in 
microfarads. C1 must be a low-leak- 
age type. The very high input imped- 
ance of CMOS timer IC2 allows R1 to 
be increased to 20MQ, so the delay 
time could be increased to about 30 
minutes. 

Note that the primary winding of 
T2 is made from heavy-gauge mains- 
rated wire for safety, and the rest of 
the mains wiring should use the same. 

James Goding, 

Princes Hill, Vic. ($80) 
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Start Your Next LoRa Project with the Lowest-Power SAM R34 SiP Devices 


Accelerate your next design with our new highly integrated LoRa System-in- 
Package (SiP) family of devices. These new devices feature an ultra-low- 
power 32-bit microcontroller (MCU), sub-GHz RF LoRa transceiver and 
software stack, which makes them ideal for a broad array of long-range, 
low-power IloT applications that require small form factor designs and multiple 
years of battery life. 


With this new family of devices you can get your next design up and running 
easily by combining your application code with our LoRaWAN™ stack. You'll 
also begin prototyping quickly with the ATSAMR34-XPRO Development 
Board, which is supported by the Atmel Studio 7 Software Development Kit 
(SDK). This development board is certified by the Federal Communications 
Commission (FCC), Industry Canada (IC) and Radio 
Equipment Directive (RED) and the SAM R34 SiP 
devices support worldwide LoRaWAN operation 
from 862 to 1020 MHz, allowing you to use this 
single-part variant across many geographies. 


Key Features 
Industry’s lowest-power LoRa technology SiP 
Proven LoRaWAN software stack 
Small form factor 





Contact Information 

Microchip Technology Australia 
Email: aust_nz.inquiry@microchip.com 
Phone: +61 (2) 9868-6733 


microchip.com/SAMR34 
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AND USB DISPLAY 





This simple and cheap 


device displays five different readings on an 
LCD screen: two voltage readings, two current readings 





and a temperature reading. It has many uses, but it’s mainly 
intended to replace multiple panel meters. It can also be used 
as a small additional text screen for a PC, Raspberry Pi 


e came up with this idea 
while working on the high- 
current linear power supply 


design that we started describing last 
month (part 2 starts on page 68 of this 
issue). 

We needed a way to show several 
different voltage and current readings, 
along with heatsink temperature, and 
it just didn’t make sense to use several 
panel meters for that job. 

It’s difficult enough to cut a single 
neat rectangle in the front panel of 
the instrument case to fit one screen, 
let alone three or even five. And there 
would be a lot of extra wiring if we used 
separate panel meters, plus increased 
current draw and it could end up pretty 
expensive. 

This one low-cost device using a mi- 
cro, an LCD screen and not much else 
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makes the whole thing so much easier. 

There are two ways to use this board. 
In the Bench Supply, we’re feeding in 
five analog voltages with a common 
ground. These voltages are a fraction 
of the actual measured voltages (ie, 
the outputs of voltage dividers). The 
onboard micro samples these voltages 
and converts the values back to the 
original scales, then displays on them 
on the screen. 

In the case of the fifth input, which 
is used for temperature sensing via an 
NTC thermistor, it also performs the 
required calculations to deal with the 
non-linear behaviour of the NTC. 

In the other mode, the micro detects 
when it is plugged into a USB interface 
and then behaves differently. You send 
it text over a virtual serial link, which 
is shown on the display. So you can 
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or any other computer with USB. 


easily show whatever you want on the 
16x2 or larger 20x4 character backlit 
LCD screen. 


More details 


Our 45V 8A Linear Bench Supply, 
mentioned above, has five main param- 
eters to monitor. Those are the desired 
voltage and current, the actual output 
voltage and current (which may be 
lower than the desired values in some 
cases), plus the heatsink temperature. 

It will automatically switch on fans 
if the heatsink gets hot, and throttle 
back its output in the worst case if 
that doesn’t help. But it’s still handy 
to have a way to tell how close to the 
wind you're sailing! 

We settled on using a PIC16F1459 
microcontroller to monitor and display 
these voltages. It’s a low-cost micro 
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"$6 S:WAY LCD PANEL METER & USB DISPLAY 


Fig.1: the circuit is quite simple. Microcontroller IC1 uses its internal analog-to-digital converter and 4.096V 
reference to measure the voltages at the ADC1-ADC5 inputs. It then scales the readings from ADC1-ADC4 and 
converts the reading from ADC5 to a temperature before updating the LCD connected via CON1. In USB Display 
mode, it instead receives text from a PC via CON5 and updates the display. 


with some nice features. It’s similar 
to the PIC16F1455, but it has more I/O 
pins, which makes it easier for us to 
interface with an LCD panel. 

Both the 16F1455 and 16F1459 have 
USB interfaces, making it easy for us to 
implement the USB mode as a ‘bonus’ 
feature. 

In this bonus mode, it is effectively 
a character LCD that can be controlled 
from your computer. If you want some 
extra information displayed 24/7 with- 
out needing to have a full-size monitor 
switched on and drawing power the 
whole time, it’s an ideal solution. 

It’s even small enough to be mounted 
in a desktop computer’s drive bay. 

You could use it to display things 
like CPU load, memory usage, disk 
space usage, network activity, instant 
messages, unread e-mails... the list is 
virtually endless. 

You just need to figure out how to get 
that information and send it to a serial 
port, and the display does the rest. 


Circuit description 


The circuit of the Display is shown in 
Fig.1. The aforementioned PIC16F1459 
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microcontroller is shown as IC1. 

Its 5V power supply comes from 
either pin headers CON2/CON3, when 
used in the panel meter role, or CON5, 
the USB socket. The data pins from the 
USB socket are connected directly to 
pins 18 and 19, the dedicated USB data 
pins of IC1. 

In the panel meter role, the five 
voltages are fed into either SIL header 
CON2 or DIL header CON3, which- 
ever is more convenient. CON3 has 
the advantage that an IDC header on a 
12-way ribbon cable can plug straight 
in, and each signal wire will have a 
ground wire on either side, minimising 
noise pickup 

The five signal lines go straight to 
analog inputs AN3, AN4, AN5, AN7 
and AN6 of IC1 (pins 3, 16, 15, 7 & 
14). IC1’s internal 10-bit analog-to- 
digital converter is used to read these 
0-4.096V signals and convert them to 
digital values, with aresolution of 4mV 
(4.096V + 210) 

The 4.096V reference is within IC1, 
and we’re using this rather than the 5V 
rail so that variations in the 5V sup- 
ply do not affect these readings. That 
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means we don’t need to be concerned 
about how well regulated the 5V rail is. 

These are scaled in software to the 
values shown in the spec panel, which 
are designed to suit our power supply, 
but these values will be useful for a 
range of low-voltage DC monitoring 
tasks. 

You simply need to arrange for 
shunts to monitor currents, and divid- 
ers with approximately the right ratios 
(around 15:1 for voltages) plus trimpots 
for calibration, to feed the right voltage 
ranges to the panel. 

An HD44780-based character LCD 
screen is connected via 16-way header 
CON1. It is driven in four-bit mode, 
with the RB6, RB5, RB4 and RC4 digi- 
tal outputs of IC1 (pins 11, 12, 13 & 6) 
driving LCD data pins DB4-DB7. 

We only need four data pins as these 
LCDs can operate in a four-bit mode, 
with the DO-D3 I/Os left floating or 
tied to ground. 

Digital outputs RC6, RC7 and RB7 
(pins 8-10) of IC1 drive the RS, R/W 
and EN pins of the LCD, controlling 
when the data is clocked and whether 
the LCD should treat it as an internal 


NOVEMBER 2019 91 








64600 





1@\s gaeeee 
fe) € Es e oe 
o eee 323999 





Fig.2: use this PCB overlay diagram and the same-size photo at right as a 

guide to help build the Panel Meter/USB Display board. The only polarised 
components are IC1 and the electrolytic capacitor. You can use a socket for IC1 
if you want to. CON5 is not required for the panel meter version, while CON2- 
CON3 are not required for the USB Display version and CON4 is only needed 


if you plan to program IC1 in-circuit. 


command or send it to the display. 

Trimpot VR1 adjusts the LCD con- 
trast voltage, while VR2 is wired as 
a variable resistor in series with the 
backlight LED, allowing its brightness 
to be set. 

The power supply is simple. There 
is a 10pF bulk bypass capacitor for 
the 5V rail, which is the maximum 
value allowed to meet the USB inrush 
current specification. IC1 has its own 
high-frequency 100nF local bypass 
capacitor. 

A 10kQ resistor pulls up the micro’s 
MCLR pin to 5V to prevent spurious 
resets, while a 100nF capacitor between 
pin 17 (VUSB) and ground stabilise its 
internal USB 3.3V regulator. 

The ICSP header, CON4, is provided 
to allow the PIC to be programmed 
without having to be removed. 


Using it as a panel meter 

On power-up, if no USB connection 
is detected, it will initialise the LCD 
and show a splash screen. The analog 
pins are set as inputs, and the analog- 
to-digital converter (ADC) voltage 
reference is set to the internal 4.096V 
fixed reference. 

After a second, it begins sampling 
the analog pins around five times per 
second. The update interval gives a 
quick update time, but not so fast that 
the numbers would blur into each other 
while changing. 

The current and voltage values are 


converted using fixed internal scaling 
factors, with the idea being that they 
have been fine-tuned using external 
trimpots. The reading from the ther- 
mistor is used to find the temperature 
in a look-up table stored in flash. 

The header on CON3 matches the 
pinout of CON6 on the Bench Sup- 
ply to allow a direct connection. 
If the input assignments, scaling ratios 
etc do not suit your particular applica- 
tion, you can download the source code 
from our website and change it to better 
suit your needs. 

It is written in the C language. 
Microchip’s MPLAB X IDE software 
is a free download, and there is a free 
version of the XC8 compiler (plus a trial 
mode for the full compiler). 

Once you have installed that soft- 
ware, you can open up the project, 
make some changes to the code and 
then ‘Build’ the project to produce a 
new .hex file for IC1. 

We used MPLAB X IDE Version 5.05 
and XC8 Version 2.00 and our com- 
piled HEX file was very close to that 
8kB limit. We suggest using the same 
version to avoid going over this limit. 


Using it as a USB display 
When connected as a USB display, 
neither CON2 or CON3 are needed as 
the analog pins are not sampled. On 
power-up, IC1 enumerates on the con- 
nected USB port as a USB-serial device 
and appears as a serial port to the host. 


Features & specifications 


* Shows two voltages, two currents and one temperature reading on a 16x2 LCD 
* In alternative USB mode, ASCII text from virtual serial port is written directly to 20x4 LCD 


* Panel meter input range: 5 x 0-4.096V 
* Panel meter scaling: 2 x 0-4.096V -> 0-60V, 2 x 0-4.096V -> 0-9A, 1 x 0-3V -> 0-100°C 
* Panel meter resolution: 58.6mV for voltages, 8.79mA for currents 
* Panel meter update rate: 5Hz 


For example, this would be a COM 
port on Windows or a TTY device on 
Linux. The LCD is initialised and 
blanked and a default set of character 
graphics are loaded into code points 
0-7. 

When data is received from the host, 
(for example, if you were typing into a 
serial terminal program), it is processed 
by IC1 and used to update the display. 
ASCII characters are passed straight on 
to the LCD, while control characters 
such as CR (carriage return, ASCII code 
13) and LF (line feed, ASCII code 10) 
move the printing location as expected. 

TAB moves to the next screen 
position which is a multiple of five 
characters, while FF (form feed, ASCII 
code 12) moves the cursor to the home 
position. 

Backspace (ASCII code 8) moves 
back one position, but does not erase 
anything. A true erasing backspace can 
be simulated by a backspace, space, 
backspace sequence consisting of ASCII 
codes 8, 32 and 8. 

Finally, Escape (ASCII code 27) 
clears the screen, but does not move 
where the display will print next. Thus 
a sequence of ESC and FF returns the 
display to the same state as it is when 
it first starts up. 

The entire display is held ina RAM 
buffer and sent to the LCD one char- 
acter at a time, to ensure that the USB 
peripheral is not left waiting too long 
for the display to update. This could 
otherwise happen if the display needs 
to be cleared and many characters need 
to change at the same time. 

While this might sound slow, the 
display can still fully update around 
10 times per second. 

The RAM buffer consists of four rows 
of 20 characters, as this is the largest 
display size that the HD44780 control- 
ler can manage. Text wraps around at 
the end of a line and back to the top 
at the end of the last line. If a smaller 
display is fitted, it will appear the same 
as the top, leftmost corner as a larger 
display would appear. 

Thus the display operates fairly in- 
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tuitively and can be easily controlled 
by any software that can write to a 
serial port. No data is sent by the USB 
display back to the host, so the receiv- 
ing program should not expect to deal 
with this. 


Construction 


The Panel Meter/USB Display is 
built on a double-sided PCB coded 
18111182, which measures 56 x 36mm. 

The PCB overlay diagram, Fig.2, 
shows where to fit the components. As 
noted above, some parts can be left out 
for some applications. We will describe 
the installation of all parts, which will 
allow the unit to be used as either a 
panel meter or USB display. 

The only surface-mounted part is the 
USB socket, and it should be fitted first. 
A soldering iron with a fine tip will 
make this easier. We recommend that 
you have flux and solder wick (braid) 
on hand for this step. A pair of tweezers 
can be helpful too. 

Apply flux to the four pads on the 
PCB for the USB data and power sig- 
nals. These are the four parallel pads 
to the right of the socket. Place the 
socket on the PCB; it should lock into 
place due to the two small posts on its 
underside. 

Carefully apply solder to the pads 
and pins, ensuring all four are well at- 
tached. If there is any bridging, apply 
more flux and use the solder braid to 
remove it. Then apply flux paste to the 
four larger mechanical pads and solder 
them to their respective pads too. They 
are larger and will need more heat. 

Next, mount the single resistor, fol- 
lowed by the two non-polarised 100nF 
capacitors. Follow with the electrolytic 
capacitor, which is polarised. It must be 
installed with its longer positive lead to 
the pad marked “+” on the PCB. 

Now fit trimpots VR1 (10kQ, “Con- 
trast”) and VR2 (5000, “Bright- 
ness”), Push them down, and they 
should both snap into place, after 
which you can solder their pins. 
If you are using a socket for IC1, install 
this next, ensuring the notch goes to the 
end closest to the USB socket. 

If you have fitted the socket, gently 
straighten IC1’s pins so that it will slot 
into the socket, then plug it in. If solder- 
ing IC1 directly to the PCB, start with 
two diagonally opposite pins. Once you 
are happy that the IC is flat against the 
PCB and oriented correctly, solder the 
remaining pins. 

You can now mount CON2 and 
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The PCB sits neatly 
within the footprint of 
the 16 x 2 LCD panel, 
leaving the mounting 
holes clear. Using a 
female header on the 
PCB means it can be 
removed if necessary. 


CONS. For CON2, you could use either 
a header or socket, while CON3 is de- 
signed to be fitted with a double-row 
male header to allow an IDC socket 
(plug) and cable to be attached. 

If fitting CON4, do so next. You 
can use a straight or right-angle 
header; we prefer the right-angled 
variety in this role as it allows the 
programmer to sit flat when connected. 
CON1 should be fitted last, as it also 
needs to be attached to the LCD. You 
may choose to solder it directly, or use 
a female header socket on the panel me- 
ter PCB to allow the LCD to be removed. 

We recommend attaching the 
male header to the LCD first by sol- 
dering one pin and ensuring it is 
straight and flush with the LCD’s 
PCB. Then solder the remaining pins. 
Before soldering the LCD to the main 
board, check that its pinout matches 
that shown in our design. 

Most LCDs with a SIL header should 
have a pinout that matches ours, but 
checking this now can save much 








troubleshooting later if you somehow 
have one that’s different (see Fig.1). If 
there is a pin mismatch, you can solder 
only the matching pins and then use 
insulated wire to make the remaining 
connections. 

You may like to slip a piece of 
card between the two to main- 
tain spacing while soldering. 
Check that your boards are orien- 
tated the same way as in our photos. 
If you are using a header socket to at- 
tach the LCD, plug in the male header 
before soldering. This will allow you to 
check that all the clearances are correct. 


Programming IC1 

This step is not necessary if you pur- 
chased a pre-programmed PIC. 

You can use a PICkit 3, PICkit 4 or 
SNAP programmer to flash IC1 on the 
board via the ICSP header (CON4). 

As we wrote in our SNAP re- 
view (May 2019; siliconchip.com.au/ 
Article/11628), the SNAP programmer 
cannot provide power to the micro and 





Parts List - : 
Five-way LCD Panel Meter/Display 
1 double-sided PCB coded 18111182, 56mm x 36mm# 


1 16x2 character LCD with backlight (for Panel Meter, eg, Jaycar QP5521) OR 
1 20x4 character LCD with backlight (for USB Display, eg, Jaycar QP5522) 


1 16-pin male header (CON1) 


1 16-pin header socket (optional, to allow LCD to be unplugged) 
1 7-pin header or header socket (CON2; optional) 

1 2x6-way pin header (CON3; not needed for USB Display) 

1 6-way right-angle header (CON4; optional) 


1 SMD mini-USB socket (CONS; not needed for Panel Meter) 


Semiconductors 
1 PIC16F1459-I/P microcontroller programmed with 1811118A.HEX# 


Capacitors 
1 10uF 10V electrolytic 
2 100nF MKT or multi-layer ceramic 


Resistors 

1 10kQ 1/4W 5% 

1 10kQ mini horizontal trimpot (VR1) 
1 5000 mini horizontal trimpot (VR2) 
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=  Fig.3: how to interface the Panel Meter to your own circuitry. 

If you’re using low-side shunts to monitor current, you could use op amps to 
amplify the voltage across them to a suitable level for feeding to the Panel Meter. 
You could also use lower value shunts in combination with a higher-gain shunt 
monitor for less heating and power loss. 


only supports low-voltage program- 
ming. So if you are using the SNAP 
programmer, you need to provide power 
via another source, such as the USB 
socket, and ensure that the low-voltage 
programming option is selected in the 
software. 

Regardless, you will need Micro- 
chip’s IPE (integrated programming en- 
vironment), which can be downloaded 
as part of the MPLAB X IDE from: www. 
microchip.com/mplab/mplab-x-ide 

In the IPE, select “16F1459” in the 
device drop-down menu and your 
programmer from the tool menu, if it 
isn’t already selected. 

Connect the programmer to CON4 
on the PCB, lining up the two pin 1 
indicator triangles. 

Then click the “Connect” button in 
the IPE and ensure that the connection 
is successful, according to the display 
in the lower output window. 

Then you just need to open the HEX 
file and click the “Program” button to 
upload it to the chip. 





Connecting the panel meter 

Details for connecting the panel me- 
ter to the Bench Supply are included 
in that article. 

If you wish to use it for another pur- 
pose, then connect the 5V and ground 
pins to a 5V supply and the five analog 
pins to sources of appropriate analog 
voltages. 

The ADC1 and ADC2 inputs are 
scaled to display 0-60V for an input of 
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0-4.096V, while ADC3 and ADC4 are 
scaled to 0-9A for 0-4.096V. 

You will need to use a 10kQ NTC 
thermistor wired as a divider with a 
6.2kQ resistor across a 5V supply to 
feed the ADC5 input if you are to get 
meaningful readings. 

Fig.3 shows our suggested circuitry 
for interfacing with the Panel Meter. If 
you're using a different shunt value, 
you will need to use a different shunt 
monitor IC, or provide some gain at its 
output, to get at least 4.096V for a cur- 
rent of 9A, giving the correct scaling. 
That’s regardless of whether your circuit 
will reach 9A. 

Once the Panel Meter is connected 
to such a circuit, it simply converts 
the analog inputs and displays the 
measured values, and no other action 
is required. You may need to adjust the 
contrast and brightness, as described 
below. 


Using it as a USB display 

To use the unit as a USB display, 
simply plug it into a computer with a 
mini type-B to type-A USB cable. 

You may need to install a driver, in 
which case the same driver is used as 


for the Microbridge. This is because the 
Microbridge uses the similar 16F1455 
microcontroller in a similar role. 

This should not be necessary for 
Windows 10, Linux or Mac users. 

If needed, the driver can be down- 
loaded from: www.microchip.com/ 
wwwproducts/en/MCP2200 

Once the driver is installed and 
the USB device enumerated on your 
system, it can be tested by using a se- 
rial terminal program such as PuTTY, 
TeraTerm or even the Arduino Serial 
Monitor. 

Open a connection to the appropriate 
port and type characters into the termi- 
nal. You should see them appear on the 
LCD. If not, you may need to adjust your 
LCD’s contrast and brightness. 

The baud rate is not critical as the vir- 
tual serial port enumerated by IC1 does 
not use this information (as it might 
if it were connected to a downstream 
hardware UART). 








Contrast and brightness 


No matter what the brightness setting, 
the backlight LED should be on. If you 
cannot see anything on the display, the 
contrast probably needs to be adjusted. 

Turn VR1 until characters can be seen 
clearly against the background. Once 
the characters are clear, you can then 
tweak the brightness. 

On the unit we have built, we had 
good contrast with around 1.8V on pin 
3 of CON1, although this may vary de- 
pending on the specific display module 
used in your LCD. 

If you have built the USB display 
and cannot see any characters, make 
sure you have sent some data to the 
terminal. If it is still not working, there 
may bea problem with the construction, 
probably to do with the LCD if the USB 
side is enumerating correctly. 


Conclusion 


While this was originally designed 
to replace multiple panel meters for 
our Bench Supply project, we’ve also 
turned it into a handy accessory for a 


computer. 
It goes to show just how versatile the | 
PIC16F1459 is. 5C 





When configured as a Panel Meter, the display should look like this, with 
voltage, current and temperature readings. If using it as a USB Display, the 
screen will be blank until it receives data from the PC via its USB serial port. 
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Looking for a specialised component to build that latest and greatest SiLicon CHip project? Maybe it’s the PCB you're 
after? Or a pre-programmed micro? Or some other hard-to-get “bit"? The chances are they are available direct from the 
SILICON CHIP Online Shop. 

* PCBs are normally IN STOCK and ready for despatch when that month's magazine goes on sale (you don’t have to wait for them to be made!). 

* Even if stock runs out (eg, for high demand), in most cases there will be no longer than a two-week wait. 

* One low p&p charge: $10 per order, irregardless of how many items you order! (AUS only; overseas clients - check the website for a postage quote). 

* Our PCBs are beautifully made, very high quality fibreglass boards with pre-tinned tracks, silk screen overlays and where applicable, solder masks. 
+ Best of all, subscribers receive a 10% discount on purchases! (Excluding subscription renewals and postage costs) 
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YW INTERNET (24 hours, 7 days): log on to our secure website - siliconchip.com.au, click on “SHOP” and follow the links 

WY EMAIL = email silicon@siliconchip.com.au — Clearly tell us what you want and include your contact and credit card details 

Y MAIL = PO Box 139, Collaroy NSW 2097. Clearly tell us what you want and include your contact and credit card details 

Y PHONE (9am-5pm AET, Mon-Fri): Call (02) 9939 3295 (INT +612 9939 3295) - have your order ready, including contact and payment details! 


YES! You can also order or renew your SILICON GHIP subscription via any of these methods as well! 


$10 MICROS 
ATtiny816 Development/Breakout Board (Jan19) 
Ultrabrite LED Driver (with free TC6502PO95VCT IC, Sept19) 
Temperature Switch Mk2 (June18), Recurring Event Reminder (Jul18) 
Door Alarm (Aug18), Steam Whistle (Sept18) White Noise (Sept/Nov18) 
Remote Control Dimmer (Feb19), Steering Wheel Control IR Adaptor (Jun19) 
Car Radio Dimmer Adaptor / Voltage Interceptor (Aug19) 
Courtesy LED Light Delay for Cars (Oct14), Fan Speed Controller (Jan18) 
IR-to-UHF Converter (Jul13), UHF-to-IR Converter (Jul13) 
PC Birdies *2 chips — $15 pair* (Aug13), Driveway Monitor Receiver (July15) 
Hotel Safe Alarm (Jun16), 50A Battery Charger Controller (Nov16) 
Kelvin the Cricket (Oct17), Triac-based Mains Motor Speed Controller (Mar18) 
Heater Controller (Apr18), Useless Box IC3 (Dec18) 
Tiny LED Xmas Tree (Nov19) 
Microbridge & BackPack V2 / V3 (May17 / Aug19), USB Flexitimer (June18) 
Digital Interface Module (Nov18), GPS Speedo/Clock/Volume Control (Jun19) 
Five-Way LCD Panel Meter / USB Display (Nov19) 
Auto Headlight Controller (Oct13), 10A 230V Motor Speed Controller (Feb14) 
Automotive Sensor Modifier (Dec16) 
Nicad/NiMH Burp Charger (Mar14), Remote Mains Timer (Nov14) 
Driveway Monitor Transmitter (July15), Fingerprint Scanner (Nov15) 
MPPT Lighting Charge Controller (Feb16), 50/60Hz Turntable Driver (May16) 
Cyclic Pump Timer (Sep16), 60V 40A DC Motor Speed Controller (Jan17) 
Pool Lap Counter (Mar17), Rapidbrake (Jul17), Deluxe Frequency Switch (May18 
Useless Box IC1 (Dec18), Remote-controlled Preamp with Tone Control (Mar19) 
UHF Repeater (May19), Six Input Audio Selector (TWO VERSIONS, Sept19) 
Garbage Reminder (Jan13), Bellbird (Dec13), GPS Analog Clock Driver (Feb17) 


ATtiny816 
PIC12F202-E/OT 
PIC12F617-1/P 


PIC12F675-E/P 
PIC12F675-1/P 


PIC12F675-I/SN 
PIC16F1455-1/P 


PIC16F1459-1/P 
PIC16F88-E/P 


PIC16F88-1/P 


PIC16LF88-1/P 


SUPER-9 FM RADIO 
- CA3089E IC, DIP-16 (SC5164) 
- MC1310P IC, DIP-14 Stacy 
- 110mm telescopic antenna (SC5163) 
- Neosid M99-073-96 K3 assembly pack (two required) (SC5205) $6. 00 ec. 


TINY LED XMAS TREE COMPLETE KIT (SC5180) (NOV 19) 
Includes PCB, micro, CR2032 cell, holder and all other parts. Also includes 12 red, 12 green & 12 white 
LEDs plus four extra 100Q resistors. PCB available in three colours (green, red or white). $15.00 


MICROMITE EXPLORE-28 (CAT SC5121) (SEPT 19) 


Complete kit — includes PCB plus programmed micros and all other onboard parts poy 00 
Programmed micro bundle — PIC32MX170F256B-501/SO + PIC16F1455-I/SL $20.00 


MICROMITE LCD BACKPACK V3 (CAT SC5082) (AUG 19) 
KIT - includes PCB, programmed micros, 3.5in touchscreen LCD, laser-cut UB3 lid, mounting 
hardware, SMD Mosfets for PWM backlight control and all other mandatory on- board parts 
Separate/Optional Components: 
- 3.5-inch TFT LCD touchscreen ee $C5062) 

- DHT22 temp/humidity sensor (Cat SC4150 

- BMP180 (Cat SC4343) OR BMP280 (Cat SC4595) temperature/pressure sensor 

- BME280 temperature/pressure/humidity sensor (Cat SC4608) 

- DS3231 real-time clock SOIC-16 IC (Cat SC5103 

- 23LC1024 1MB RAM (SOIC-8) (Cat SC5104) 

- AT25SF041 512KB flash (SOIC-8) (Cat SC5105) 

- 10pF 16V X7R through-| He capacitor (Cat SC5106) 


GPS SPEEDO/CLOCK/VOLUME CONTROL 
1.3-inch 128x64 SSD1306-based blue OLED display module (Cat SC5026) 
MCP4251-502E/P dual-digital potentiometer (Cat SC5052) 

TOUCH & IR REMOTE CONTROL DIMMER (FEB 19) 
N-channel Mosfets Q1 & Q2 (SIHB15N60E) and two 4.7MQ 3.5kV resistors (Cat SC4861) 
IRD1 (TSOP4136) and fresnel lens (IMLO688) (Cat SC4862) 

MOTION SENSING SWITCH (SMD VERSION) (FEB 19) 


Short form kit (includes PCB and all parts, except for the extension cable) (Cat SC4851) 
SW-18010P vibration sensor Moan (Cat SC4852) 


(NOV 19) 


$75.00 


(JUN 19) 


$20.00 
$10.00 


$10.00 
$1.00 


*Prices vali for month of magazine issue only. All prices in Australian dollars and include GST where applicable. # P&P prices are within Australia. 0’se: 


$15 MICROS 
RF Signal Generator (Jun/Jul19) 
Four-Channel DC Fan & Pump Controller (Dec18) 
Programmable Ignition Timing Module (Jun99), Fuel Mixture Display (Sept00) 
Oscar Noughts And Crosses (Oct07), UV Lightbox Timer (Nov07) 
PIC16F877A-I/P 6-Digit GPS Clock (May-Jun09), 16-bit Digital Pot (Jul10), Semtest (Feb-May12) 
PIC32MM0256GPM028-I/SS Super Digital Sound Effects (Aug18) 
PIC32MX170F256D-501P/T 44-pin Micromite Mk2 (Aug14), 4DoF Simulation Seat (Sept19) 
PIC32MX170F256B-501/SP Micromite Mk2 (Jan15) + 47uF, Low Frequency Distortion Analyser (Apr15) 
Micromite LCD BackPack [either version] (Feb16), GPS Boat Computer (Apr16) 
Micromite Super Clock (Jul16), Touchscreen Voltage/Current Ref (Oct-Dec16) 
Micromite LCD BackPack V2 / V3 (May17 / Aug19), Deluxe eFuse (Aug17) 
Micromite DDS for IF Alignment (Sept17), Tariff Clock (Jul18) 
GPS-Synched Frequency Reference (Nov18) 
PIC32MX270F256B-501/SP ASCII Video Terminal (Jul14), USB Mouse & Keyboard Adaptor (Feb19) 
PIC32MX795F512H-801/PT Maximite (Mar11), miniMaximite (Nov11), Colour Maximite (Sept/Oct12) 
Touchscreen Audio Recorder (Jun/Jul 14) 
$20 MICROS 
Stereo Audio Delay/DSP (Nov13), Stereo Echo/Reverb (Feb 14) 
Digital Effects Unit (Oct14) 
PIC32MX470F512H-120/PT Micromite PLUS Explore 64 (Aug 16), Micromite Plus LCD BackPack (Nov16) 
PIC32MX470F512L-120/PT Micromite PLUS Explore 100 (Sep-Oct16) 
dsPIC33FJ128GP802-I/SP Digital Audio Signal Generator (Mar-May10), Digital Lighting Cont. (Oct-Dec10) 
SportSync (May11), Digital Audio Delay (Dec11) 
Quizzical (Oct11), Ultra-LD Preamp (Nov11), LED Musicolor (Nov12) 
—_eoooeoo $30 MICROS 
PIC32MZ2048EFH064-I/PT DSP Crossover/Equaliser (May19) 


ATmega328P 
PIC16F1459-1/SO 
PIC16F84A-201/P 


PIC32MX470F512H-1/PT 


DAB+/FM/AM RADIO 
Main PCB with IC1 pre-soldered 
Main PCB with IC1 and surrounding components (white box at top right) pre-soldered 
Explore 100 kit (Cat SC3834; no LCD included) 
Set of extra SMD parts (contains most SMD parts except for the digital audio output) 
Extendable VHF whip antenna with SMA connector: 700mm ($15.00) and 465mm ($10.00) 
PCB-mounting SMA ($2.50), PAL ($5.00) and dual-horizontal RCA ($2.50) socket 


USB PORT PROTECTOR COMPLETE KIT (CAT SC4574) (MAY 18) 
All parts including the PCB and a length of clear heatshrink tubing $15.00 


VARIOUS MODULES & PARTS 
- SMD 1206 LEDs (Tiny LED Xmas Tree, NOV19): 
10 yellow — $0.70 ~ 10 amber - $0. 70 ~ 10 blue - $0.70 ~ 10 cyan — $1.00 ~ 1 pink - $0. zo 
- 1SD1820-based voice recorder / playback module (Junk Mail Repeller, AUG19' 4.00 
- 23LCV1024-I/P SRAM (DIP) and MCP73831T charger ICs (UHF Repeater, MAY19) 
- MCP1700 3.3V LDO regulator (suitable for USB Mouse & Keyboard Adapator, FEB19) 
- LM4865MX amplifier IC & LF50CV regulator (Tinnitus/Insomnia Killer, NOV18) 
- 2.8-inch touchscreen LCD module with SD card socket ate Clock, JUL18) 
- ESP-01 WiFi Module (El Cheapo Modules, Part 15, APR 
- MC1496P double-balanced mixer IC (DIP-14) (AM Radio Transmitter, MAR18 
- WiFi Antennas with U.FL/IPX connectors (Water a Level Meter with WiFi, FEB18): 
5dBi - $12.50 ~ 2dBi (omnidirectional) - $10.00 
- NRF24L01+PA+NA transceiver with SNA connector and antenna igh: Cheapo 12, JAN18) $5.00 
- WeMos D1 Arduino-compatible boards with WiFi (SEPT17, FEB 
ThingSpeak data logger — $10.00 ~ WiFi Tank Level Meter (ext. —_ socket) — $15.00 
- ERA-2SM+ MMIC & ADCH-80A+ choke (6GHz+ Frequency Counter, OCT-DEC17’ 
- Geeetech Arduino MP3 shield (Arduino Music Player/Recorder, $1053, uL7) 
- InF 1% MKP (5mm lead spacing) or ceramic capacitor (Wide-Range LC Meter, JUN18) 
- MAX7219 LED controller boards (El Cheapo Modules, Part 7, JUN17): 
8x8 red SMD/DIP matrix display — $5.00 ~ red 8- -digit 7- Rep ey $7.50 
- AD9833 DDS module (with gain control) at Micromite DDS, APR17) 
- AD9833 DDS module (no gain control) (El Cheapo Modules, Part 4 APR17) 
- CP2102 USB-UART bridge 
- microSD card adaptor (El Cheapo Modules, Part 3, JAN17) 
- DS3231 real-time clock module with mounting spacers and screws (El Cheapo, OCT16) 


(JAN 19) 


$2.50 
$5.00 


FE www.siliconchip.com.au/sho 


;? Place an order on our website for an accurate quote. 








Is this the ultimate in soldering convenience? 


iroda. Solderpro 


30W lithium-ion soldering iron 


Reviewed by Nicholas Vinen 


It’s a relatively inexpensive and light soldering iron that you can carry 
around with you. It’s ready to use within seconds and is capable of 
dealing with heavy wire and connectors with a minimum of fuss. And 
it recharges via just about any USB port, so it’s always at the ready. 


his is a new product for Altron- 
i ics, and we think it’s going to be 
a very popular one. 

You would be familiar with the 
mains-powered, temperature-con- 
trolled soldering irons that are widely 
used for assembly and repair work. 

They’re quick to come up to tem- 
perature, well-regulated and adjust- 
able, and their interchangeable tips 
make them useful for a variety of jobs. 

But they have one major disadvan- 
tage, and it’s the cables. That includes 
the mains cord which limits where you 
can use the iron, and the cable from 
the base station to the pencil which 
always seems to get in the way when 
you're using it. It also sometimes re- 
stricts how you can angle the pencil 
in tight spots. 

Gas (butane) and battery-powered 
soldering irons have neither of these 
problems. You can use them anywhere 
in your home or office, or out in the 
field. 

Inexpensive portable irons are usu- 
ally gas-powered. The good news is 
that their internal gas supplies last for 
a while, and they’re quick (if fiddly) to 
recharge. But the temperature control 
is usually a bit crude, and they can 
take a while to warm up. 

They also have an open flame, limit- 
ing how you use them, and they can- 
not be used safely around flammable 
substances. 

Gas irons are still the cheapest 


96 SILICON CHIP 


useful portable irons, but this battery- 
based Iroda Solderpro is not all that 
much more expensive. 

And it’s just so convenient to use. 
You pull off the plastic cover, slide 
the switch from its locked position, 
grab the pencil and hold down the 
power button. 

Within about ten seconds, you’re 
ready to solder. It’s even quicker upon 
re-use. 

It also has an integrated LED light, 
which illuminates what you are work- 
ing on whenever you're pressing that 
button (ie, it’s automatic). It’s a bril- 
liant feature — one of those things you 
don’t realise that you’re missing until 
you try it! 

Because it’s only consuming power 
while you’re actually soldering, the 
battery seems to last a long time. It 
never ran out when we were using it. 

The manufacturer states that it will 
last for 45 minutes of continuous use, 
which we would say means several 
hours of typical (intermittent) use. 
It would probably last all day if you 
aren’t using it too heavily. 

The recharge time is 3.5 hours, but 
we found it easiest to simply plug it in 
after each session to ‘top it up’ and that 
generally only took 30 minutes or so. 

If you do use it heavily one day, 
you can just plug it in to recharge 
overnight. 

The plastic case of the iron is 
moulded so that when you put it down, 
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it rests on the bench such that it keeps 
the hot tip away from the surface. So 
it’s easy to put down and pick up as 
needed. 

When you've finished, you just slide 
the switch back into the lock position 
and re-attach the cap, even if the iron 
is still hot. This prevents the hot iron 
from touching anything if you need to 
put it away right away. 

While it looks quite ‘chunky’ com- 
pared to a regular soldering pencil, we 
found it easy to hold and its relatively 
light 100g weight never presented a 
problem. 

Recharging is super-convenient as 
it has the same micro-USB socket as 
so many phones, tablets and other 
gadgets do. 

If you have an Android phone 
(and it doesn’t have a Type-C socket), 
then you will already have a suitable 
charger — but it can plug into virtually 
any PC USB port or supply to charge. 

A red LED illuminates as it’s charg- 
ing, which changes to green when it’s 
finished. 


Temperature regulation 

Essentially, as you hold down the 
power button, the tip continues to heat 
up, only stopping at around 600°C. 
This means that you need to regulate 
the temperature yourself when work- 
ing on smaller components. 

I asked Tim Blythman to try it out, 
and he commented that it was easy 
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to accidentally burn the board if you 
held the power switch on for so long! 

I did not run into that myself, prob- 
ably because I tend to make solder 
joints relatively quickly, only hold- 
ing power on for long enough to form 
the fillet. It then cools down slightly 
between each solder joint, but only 
takes a second or so to be ready for 
the next one. 

This iron is particularly well suited 
to such a usage pattern. 

The only complaint that I have is 
that the iron supplied for this review 
(Altronics Cat T2690A) only came 
with a single, large conical tip. While 
I found this fine for general-purpose 
and through-hole use, it is a little on 
the large side for working with many 
SMDs. 

For a little bit more money, you can 
purchase the Cat T2694A soldering 
iron kit. This includes a carry case, 
stand, cleaning sponge, some solder 
and (most importantly) a hot knife and 
a hot air blower. 

The hot air blower would definitely 
come in handy when soldering SMDs. 


Conclusion 

Altronics have given us the choice of 
returning the review sample or paying 
for it, and we will be keeping it because 
it’s just so handy for quick jobs. 

Quite often we have a piece of equip- 
ment on the test bench and want to 
make a small change to see its effect, 
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eg, adding an extra capacitor or chang- 
ing a resistor. 

Rather than unplugging everything 
and dragging it over to our workbench 
area, or unplugging a mains-powered 
iron and bringing it over to the test 
bench, we can just pick this iron up 
and make the change within seconds. 

And for those times when we may 
need to work on equipment ‘in situ’, 
having a portable iron on hand 
will be equally valuable. 

SoI must give this prod- 
uct a thumbs-up. It brings 
soldering irons into the 
smartphone era; a time | 
where you can carry | 
everything you need 
around with you, in your 
pockets! 

The basic iron that 
we received (the one 
shown above), with 
one tip and the protec- 
tive cover, is $110 
including GST. 


Here 
is the more 
comprehensive kit with 


two extra tips, stand, cleaning sponge, 


solder, etc. (Altronics Cat T2694A). 
Australia’s electronics magazine 


The basic Iroda Solderpro 25L iron 


is powered by a rechargable litihium-ion battery 
giving up to 45 minutes continuous usage per 
charge (but much more with typical operation). 
It is supplied with a single conical tip. It looks 
“chunky” but is quite well balanced and feels good 


in the hand (Altronics Cat T2690A). 


It can be purchased from your lo- 
cal Altronics store (Cat T2690A), or 
their website via siliconchip.com.au/ 
link/aav3 

The more comprehensive kit 
including more tips (shown be- 
low), which I am recommend- 
ing (Cat T2694A), is $169 includ- 
ing GST and can be found here: 
siliconchip.com.au/link/aav4 
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By Fred Lever 





Thad shelves in my workshop made 
from scrap materials. Some of the tim- 
ber came from the cabinets of discard- 
ed radios and TV sets. One piece was 
the front panel of an old 1930s style 
radio. remember that it had glass bot- 
tle valves, a circular tuning dial anda 
very heavy loudspeaker. The workings 
of the set went to the tip, and I used 
the timber parts. 

A couple of years ago, I was pulling 
the shelves down in a workshop rear- 
rangement, when out came the front 
panel, complete with its brass escutch- 
eon proclaiming it to be a “Vogue”! 

It was in remarkably good condition 
considering how it had been used. But 
there were still quite a few scratches 
on it, and the timber on one side was 
soaked with motor oil. 

Some web searches and forum posts 
gave me information on “Vogue” ra- 
dios but unfortunately, none of this 
information matched with what I had. 
Based on what I remembered of the 
chassis construction, it was a cut-price 
radio, unlike the 5-8 valve, 3 or 4 knob 
Vogue radios I found on the web. 
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1930s “Vogue 
radio restomod 


Sometimes our contributors simply 
describe vintage radios. Other times 
they fix them up or even restore them. 
This goes way beyond that. It’s a 
“restomod” — taking parts (or in this 
case, a part) from an old radio and 
putting newly built electronics inside, 
either to improve it, or because the 
original components are long gone. 
While most of the radio is new, it was 
built in the style of a 1930s radio. 





It had only two knobs: tuning and 
volume. The power switch was in 
the two-wire power cord which had 
a bayonet plug, which you connected 
to a double adaptor in a ceiling lamp. 
I remember this because we used the 
radio for a short time but then scrapped 
it when it failed. 

That may seem amazing in this day 
of vintage preservation, but back in the 
1950s and 1960s, millions of radios 
were scrapped as television came in. 
I remember one large radio store in 
town used to burn hundreds of radios 
at a time as they were traded in for TVs 
and transistor radios! 


History 


While the restoration detailed be- 
low was in progress, I found out a lit- 
tle more about this set from a vintage 
radio forum member. They identified 
the escutcheon as part of a type of dial 
assembly provided by Efco Mfg Co, 
called the “Lion”. 

The set may have been a low pro- 
duction private factory set or even a 
kit set from one of the radio type parts 
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shops or retail- 
ers re-using the 
name Vogue. I lean 
towards the theory of this radio being 
built from a kit, as I used to see kits 
advertised in “Radio and Hobbies” us- 
ing Australian-made parts. So my plan 
to recycle parts from Aussie radios of 
the period seemed like a good one. 


Beginning the restoration 

I cleaned the front panel up with 
degreaser and water, then prised off 
the ornaments and unscrewed the pre- 
cious escutcheon and put them aside. 
Then followed a few hours of sanding 
back the veneer finish to remove some 
of the horrors, giving a better view of 
what was left. The veneer was badly 
damaged but I decided to polish it 
anyway and use it as-is. 

I achieved a reasonable state with 
the front panel and the dimensions of 
this gave mea starting point to builda 
suitable chassis. Looking through my 
junk box, I realised that I had a handful 
of RCA metal case valves and as they 
were introduced in 1935, I decided to 
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The circuit used for this Vogue radio is loosely based off the circuit used in the AWA Radiola Model 84, 193, 194 and 501, 
all sold from 1939. You can find the Model 84 circuit diagram at www.radiomuseum.org/r/amalgamate_radiola_84.html 


make a classic 1930s superhet with 
five valves and drew up a prelimi- 
nary circuit. 


Circuit description 

It’s a superhet AM broadcast band 
receiver. The aerial picks up radio sig- 
nals and the tuned circuit of coil L1 
and tuning capacitor G1 makes it se- 
lective for the tuned station frequency. 
This signal is then fed to the control 
grid of the 6K8G converter (V1). 

V1 amplifies the signal and also mix- 
es it with an oscillator signal which 
tracks the station frequency with a 
455kHz offset, set by inductor L2 and 
the other half of the tuning gang, G2. 

The output of V1 is a mixture of the 
tuned and oscillator signals, which 
produces a strong difference prod- 
uct at 455kHz. Coupling transform- 
ers IFT1 and IFT2 are resonant at this 
intermediate frequency, so they pass 
the signals at this frequency only and 
rejecting the higher carrier and sum- 
product frequencies. 

IF amplifier valve V2, a 6K7M, am- 
plifies this IF signal and its output is 
fed into IFT2 which then couples to 
a diode in V3, a 6Q7M dual diode/ 
triode. This, in combination with 80pF 
filter capacitor C6, demodulates the 
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audio and it is then fed to 1MQ vol- 
ume control pot P1. 

The audio signal is also filtered to 
remove the AC audio component by 
2MQ resistor R3 and 47nF capacitor 
C1 and the result used as the AGC 
control signal, which alters the DC 
bias of the control grids of both V1 and 
V2, reducing their gain when tuned to 
stronger stations. 

The audio signal from P1 is then 
fed to the control grid of the triode 
in V3, which acts as an audio pream- 
plifier, and the output is coupled from 
its anode to the control grid of audio 
amplifier valve V4, a 6V6GT, via a 
10nF capacitor (C10). It’s configured 
as a Class-A amplifier and drives the 
primary of the output transformer, 
which couples the signal to a modern 
8Q. loudspeaker. 

V5, a 5Y3GT, is used to rectify the 
output of the mains transformer PT, 





The front panel of the Vogue radio 
had torn mesh and was the only part 


remaining of the set. The original radio 


was likely sold as a kit set or small 
production run. The emblem on the 
cabinet depicts a muse (likely Erato) 
playing a lyre and was manufactured 
by Efco, based in Arncliffe. 
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to produce a 310V HT rail which then 
passes through an LC filter to remove 
ripple, before feeding the anodes of 
the other valves. Each one receives a 
different HT voltage as set by various 
dropping resistors, to best suit that 
particular valve and the way it is be- 
ing used. 

The mains transformer also has 5V 
and 6V AC windings to drive the valve 
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heater filaments. Only V5 needs 5V; 
the others have 6V heaters. 


A trial chassis layout 

I took a sheet of 0.7mm galvanised 
steel I bought from Jaycar and tried 
various layouts by arranging the parts 
on a generously sized rectangle. From 
this I determined that the chassis 
would need to be about 355 x 230 x 
50mm. I made sure to leave plenty of 
room around the components, as the 
cabinet would be pretty large anyway. 

I planned to mount most of the 
smaller parts on tag strips and wire 
the set with coloured wires, with the 
major components laid out neatly in 
a rectangular grid. I wanted to use as 
many period parts as possible. 

The next step was to fold up the 
chassis. I cut out the metal using a jig- 
saw and shears and folded it up using 
asmall press, plus a hammer and dolly 
in a vice. I ended up with one large 
sheet and some smaller plates, which 
I then pop riveted together. 

I made up a box frame to carry the 
side and top panels from timber flat 
bars. The dimensions were to suit 
the existing front panel, with enough 
depth to accommodate the chassis. I 
chose a 12in, 8Q speaker from Jaycar, 
mounted on a baffle board attached to 
the main frame, as the front panel is 
too brittle to take any screws or weight. 

I made up the frame and did a trial 
fit of the chassis, to locate the control 
spindles and to make sure nothing 
would be fouled. I made a board for 
the speaker and clamped it in position, 
to make sure that it would fit as well. 
There were no major snags, so I was 
then able to firm up a lot of details. 

My woodworking skills are very 

limited, so I assem- 










The chassis 
was made from 

pieces of galvanised 
steel, folded with a forming 
press and held together with 
rivets. It is about 355 x 230 x 50mm. 
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The case was made 
from plywood, while 
the frame and speaker 
baffle was made from 
timber. The chassis 
had the components 
loosely placed on 

top to help align the 
location of the tuning 
gang and dial. 





bled the cabinet us- 
ing butt joints with 
plenty of glue. Once 
the frame was squared 
up, [clamped the front 
panel to the frame and 
glued it in place. It was 
warped like a banana 
and I had to clamp it 
every 150mm or so, to 
make it sit straight and 
pull it onto the frame. 

With that tacked on, 
Ithen put in some more 
flat bars for the chas- 
sis to sit on and glued 
them in place. Finally, 
Ihad a mounting place 
for the chassis. 

After mounting the 
speaker and its frame, 
I taped some gold col- 
oured cloth on the frame with the back 
side of the cloth at the front, to give 
a matte finish through the fretwork. 

The side panels had to be bevelled 
to mate with the front panel before 
they could be fitted to the cabinet. Not 
having the skill to produce a bevelled 
edge, I did the next best thing and in- 
serted a section of triangular timber 
strip up against the front panel on each 
side, thus presenting a taper for the 
front panel and a flat face side panels 
to butt up against. 

I made a lid for the cabi- 
net from 7mm ply- 
wood and added 
~ acentre brace un- 
derneath, in case 
heavy items were 
placed on top. I did 
not want the plywood 
to buckle inward. 
With that glued firm- 
ly in place, Ithen cut the 
side sheets from 9mm 
plywood with my trusty 
jig saw. I made them a few 
millimetres larger than nec- 
essary and glued them into 
position. Then I profiled the 
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edges with an angle grinder, to match ! 
the frame, and smoothed the whole 
lot using 120 grit, ready for finishing 
and staining. 

I then decided to test the gluing of 
the frame and gave some of the rec- 
tangular bar sections a whack with 
a hammer. The bottom crossbar fell 
out, so apparently, glue was not good 
enough by itself! I added screws at 
each corner to peg the joints. I threw 
afew more screws in at the other main 
joints as well, not wanting the cabinet 
to fall apart later. 

The next step was to paint the inte- 
rior surfaces flat black. Once that dried, 
I sanded the other faces (apart from the 
front panel) using 400 grit sandpaper 
and applied coats of cedar stain to pull 
the shade of the white timber towards 
the front panel shade. 

I gave it several coats, sanding 
again with 400 grit in between, until 
I achieved the shade I was looking 
for and the ply flatted off without too 
much wood fibre standing up. The 
stain went darker upon drying so in 
the end, I overshot a bit. 

I then buffed the wood with oil and 
then buffed a coat of silicone-based 
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Reyes 


The sides and top were attached to the 
case, with coats of cedar stain applied 
to the outside. 


car polish on top, giving an “antique” 
look with a low-gloss finish show- 
ing all the scratches, bumps and fake 
“wear” marks. 


Tuning mechanism 


I now needed to think about the 
tuning gang drive mechanism. The 
front controls from the chassis have to 
match the holes in the front panel, so 
there were fixed centres to work from. 
The proximity of the spindles indi- 
cated that the original dial drive was 
probably a friction drive, direct onto 
the tuning gang drum, so I decided to 
mock up a drive and make sure that 
it was possible. 

I pop-riveted a temporary plate to 
the front of the chassis, and after some 
fiddling, I worked out what was pos- 
sible and how to fit this into the space 
available. I fitted a bush to the tempo- 
rary plate and I then cut a short piece 
of quarter-inch rod to form a spindle. 
I cross-drilled the spindle for split 
pins and slid a tension spring and 
two washers onto the spindle so they 
would grip a disc. 

The tuning gang I used was from 
a junked AWA chassis; the drum on 
the gang was a nice size to make the 
friction plate. I drilled the drum and 
cut out a semicircular section for the 
spindle washers to grip and drive the 
gang through half a turn. 

Here is where I made a stupid mis- 
take. I set the whole thing up and fab- 
ricated brackets to hold the gang at 
the height so that the spring-loaded 
washers tightly gripped the flat face 
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The tuning gang was refurbished from an AWA radio. The drum it came with 








was then drilled to form a circular hole that the spindle could travel across. 


The spindle was cut from a metal rod. 


of the drum cut-out and it drove the 
gang nicely. But I chose the inner cir- 
cle to drive; thus, when I turned the 
spindle clockwise the gang turned 
anti-clockwise! 

I had to rework the brackets to raise 
the gang for the spindle, to work on 
the outside circle of the cut-out. But I 
had removed most of the front face on 
the outside so now the washers would 
not grip reliably. I had to fit a rubber 
grommet to the spindle as a tyre, which 
drove against the inner surface of the 
drum. It worked well and rotated the 
drum in the same direction as the knob. 

With the drive mechanism sorted, I 
mounted the gang onto the chassis and 
checked it in the cabinet and found I 
had a space of about 20mm in front of 
the drum to fit a dial. I would tackle 
that later but at this stage, envisaged a 
stationary card lit from behind with a 
pointer mounted on the drum. 

At this point, it would have been 
easy to cut and re-drill the gang sup- 
ports to get the dial drum outside 
diameter precisely in line with the 
escutcheon opening, but this point 
evaded me at the time. 


Chassis layout 


I then turned my attention to assem- 
bling the chassis. I needed four tuned 
coils. I had a junked model 84 AWA 
set with the oscillator and IF coils and 
after searching through my odd coil 
box, I found an aerial coil that looked 
promising. I needed the aerial coil 
to cover 600-1700kHz, the oscillator 
coil to about 950-2150kHz and the IF 
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coils would then be tuned to around 
450-455kHz. 

I tested all the coils using a signal 
generator and a CRO, looking for a res- 
onant peak when applying a varying 
frequency signal. As I did this, I kept 
in mind that the frequencies would be 
somewhat reduced when built into the 
set due to stray capacitances. 

Tadded a 420pF padder to the oscil- 
lator coil and found that it would then 
resonate from 960-2130kHz. The aer- 
ial coil resonated from 475-1550kHz, 
again in the ballpark. 

While IFT1 gave identical 400kHz 
peaks on both windings, IFT2 was a 
problem. One adjusting screw was 
wound all the way out and jammed — 
with the screwdriver slot broken off! 
The good winding resonated at 405kHz 
but the broken side was at 350kHz. 
Freeing the adjusting screw just moved 
the resonance down to 300kHz. 

At some stage, the screw had been 
wound right out in an effort to get near 
the correct setting; the exposed thread 
had a dab of red paint showing this 
was a factory setting! The set probably 
still worked but must have been down 
on sensitivity. 

I pulled the coil apart and removed 
the peaking capacitor; it measured 
120pF. Without this capacitor, the coil 
resonated at 650kHz, so I judged the 
coil was still usable. I fitted a 56pF 
capacitor instead, and the coil then 
resonated at 405kHz with its slug at 
mid position, the same as the others. 

The oscillator coil from the AWA set 
was unshielded, but I wanted it in a 
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The chassis was marked with the component layout and then holes were drilled for the valve sockets, power transformer 
and IF transformers. After this, the chassis was coated with primer and painted blue. 


can, like the others. I fitted and tested 
it in a scrap square can to match the 
aerial coil, which came from an un- 
known receiver. I planned to connect 
the tuning gang fixed plates and the 
converter grid cap above the chassis, 
so drilled the cans for the coil grid 
winding to come out the top. 

The tuning gang already being lo- 
cated, I then marked up positions for 
the coils, the valves and IF coils in the 
front end of the set. I kept these parts 
as a compact group on the left and 
placed the detector and audio output 
parts along the rear of the chassis. That 
left the right side of the chassis for the 
power supply parts. 

Iused the circuit diagram as a guide 
and visualised the required layout. 
The aerial and oscillator coils fit right 
beside the tuning gang, to get the short- 
est connecting wires. 

I positioned the aerial and Earth 
connectors at the front, to avoid having 
the aerial wire near the IF stages. I later 
realised that I could have put the ter- 
minals on the back of the chassis and 
routed the wires around to the front. 

The valve sockets and the coils were 
orientated for logical lead placement. I 
drilled four holes for the two-bolt IFTs, 
to give me several options later. You 
have to think in three dimensions and 
make sure that all securing bolts are 
accessible and nothing hits anything 
else. There are a few holes required for 
wires to come from under the chassis 
to above, eg, grid cap leads, dial light- 
ing and gang connections. 

It’s a bit like laying out a PCB. Some 
of the resistors and capacitors will con- 
nect direct, point to point, but I placed 
small pieces of tag board in strategic 
locations to hold parts where the lead 
length was not critical. I also added a 
socket to the rear of the chassis for the 
speaker leads. 

The choke and power cord needed 
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holes too, as did the separate Earth 
screw on the right-hand side. I used 
a Jaycar cord-grip gland to secure the 
power cord. I drew the component 
outlines with a Sharpie pen first, then 
drilled all the holes once the pilot 
marks were squared up. 

Having drilled all the required 
holes, I cleaned up the chassis, sprayed 
it with etch primer and then blue Gal- 
met hammer paint. 


Speaker transformer 

As the 6V6 audio output valve does 
not have earth-shattering output pow- 
er, I selected a Jaycar MM2002 (type 
2215) 15W multi-tap power trans- 
former to match it to the 8Q speaker. 
With a 230V AC primary and 15V AC 
secondary, that gives a turns ratio of 
15.3:1 (230 + 15). 

As the speaker is an 8Q unit, the im- 
pedance seen by the valve will there- 
fore be 1.88kQ (8Q x 15.3), which is 
a bit low. If I used the 9V tap, the im- 


pedance would be 5.2kQ which is a 
bit more like it. A 6V6 in class A with 
250V at the plate is specified for driv- 
ing a minimum load of 5kQ. 

I wired a 6V6 and a 6Q7 together 
on the bench to drive the transformer 
and to test for the best of my valves to 
use in the audio section. This lash-up 
was powered from my trusty variable 
power supply, which has 6V AC and 
0-350V DC outputs. 

The result was that the 6V6 gave 
about 4W output with 250V DC at the 
plate and the Jaycar transformer gave 
identical results either interleaved or 
air-gapped, which indicated there was 
a surplus of iron and no DC offset satu- 
ration with either stacking. 

I left the transformer air-gapped, 
and on the final test, it was good for a 
frequency response of 80Hz-5kHz at 
4W using the 9V tap. The impedance 
curve was fairly flat with a useful out- 
put from 2-16Q, peaking at 6Q. So it 
would suit the 8Q speaker nicely. The 





The chassis at an early stage of assembly, with various sockets mounted, some 
wiring done, and a fuse connected to the volume pot’s on/off switch. 
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The complete chassis is shown above. Note the stiff wire used as an Earth bar from the external Earth terminal at upper 


left, terminating at the tag strip at lower right. 


output transformer started ringing at 
higher frequencies and at the clipping 
power level. A capacitor across the 
primary reduced this tendency. 

I did not employ any negative feed- 
back in the circuit, to keep it simple 
and keep the gain as high as possible. 

I used 1930s parts in my tests and 
found the only critical component 
was the 6Q7 plate decoupling capaci- 
tor. Any leakage here would drive the 
6V6 to maximum plate current (about 
90mA) and choke off the audio. So a 
low leakage capacitor is a must. 


Chassis assembly 

It was time to attach the basic bolt- 
on components such as sockets and tag 
strips. RF components aside, I wanted 
to mount them on tag strips. I drew up 
a rough wiring diagram from the cir- 
cuit diagram and pencilled in where 
the parts could go. 

From that, I arrived at the number of 
tag strips needed and squeezed them 
into the chassis as required, around 
the valve sockets. These were washed 
in methylated spirits and given a buff 
up, then bolted to the chassis. Then 
the transformers were given a black or 
lacquer finish and also fitted. 

I mounted the tuning gang and fit- 
ted the tuning coil and oscillator cans 
in an orientation that gave the short- 
est grid and plate leads. That did not 
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work so well for the oscillator plate 
and grid leads, which can be seen run- 
ning diagonally from the valve socket 
straight to the coil. 

The grid lead for the converter was 
picked off the top of the tuning gang 
fixed plate connection, and the oscil- 
lator coil was connected through the 
can to the top of the gang. The IF cans 
were mounted for shortest signal lead 
length. I then fitted in the Earth bar 
which runs from the external Earth 
spring terminal, past the signal valve 
sockets and terminates on a tag strip 
with the HT divider components. 

On its way, it picks up the shield and 
cathode points of pins 1 and 8 for each 
valve and provides a convenient bar 
to wire bypass capacitors and signal 
ground points to. 

I didn’t use the chassis itself for 
any ground or B- connections; I pre- 
fer to run two wires to all points on 
the circuit, keeping the signal B+ and 
filament feeds separate. That is how I 
make guitar amps, so I took the same 
approach with this radio. 


Mains cable and power-up 

I fitted the mains cable and fuse and 
completed the transformer primary 
wiring. I used a bulkhead gland to 
grip the power cord and attached the 
Earth to a brass screw. That screw is 
then wired to the single ground point 
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of the circuit, where the tuning gang 
capacitors terminate. 

I fitted a 2A mains fuse, then dou- 
ble-checked the power plug Earth pin 
continuity to all chassis panels. Then 
I powered up the transformer and 
checked all the secondary voltages 
and connections. 

With all that satisfactory, I complet- 
ed the filament wiring and plugged 
in a set of dummy glass valves, and 
checked that all the heaters lit up. 

That also gave me the opportu- 
nity to check the 5Y3 rectifier valve 
insulation and confirm B+ output at 
the filament, with the plates at about 
450V DC. With no smoke or flames, I 
then proceeded to wire in the power 
supply components and the 6Q7 and 
6V6 circuits, to test the audio section 
for correct function and the smoothing 
DC component’s suitability. 

The volume control required shield- 
ed cable as the signal passes from the 
rear of the chassis to the front and back 
again. I probably should have mounted 
the control on a bracket at the rear and 
fitted a long extension shaft through a 
front power switch. 

Components and wiring for the au- 
dio and power supply were installed 
but without the 6V6 and 6Q7 to start 
with; just the 5Y3 rectifier. 1 powered 
the set up via a Variac and monitored 
the back-bias resistor voltage to give 
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me an idea of the current drawn. I 
watched the surge and forming cur- 
rent of the electrolytics, which was 
around 100m<A at first but dropped as 
the capacitors formed. 

After a minute or so, the current 
dropped to a negligible level, so I 
slowly advanced the supply voltage to 
230V AC. The HT peaked at 450V DC 
with little current flow, and nothing 
was getting hot, so the forming action 
was finished. The filament voltages 
were normal, so I shut it down and 
plugged in the 6Q7 and 6V6 valves. 

The amplifier stages worked first up, 
drawing a total of about 50mA, result- 
ing in a back-bias voltage of -15V. I 
injected an audio signal into the vol- 
ume control and power tested with 
a sinewave and a dummy load. The 
6V6 gave an identical power output 
as it did during my bench test, with a 
similar frequency response. 


Front-end testing 


Working backwards, I continued 
by wiring the detector and converter 
sections but only plugged in the 6K7. 
To see how the IF transformers would 
react, I injected a 455kHz signal into 
the plate pin of the 6K8 socket. 

The signal got through to the 6K7, 
and was then amplified, but IFT2 did 
not seem right; there was no peaking 
with slug adjustment, just a change in 
amplitude. 

This did not bode well, but I pressed 
on, leaving the slugs set for an overall 
peak at 455kHz. When the 6K8 was 
plugged in, a stable oscillator signal 
appeared at the 6K8 plate and this 
could be adjusted over a range of 1000- 
2500kHz via the tuning knob. I checked 
the DC voltages and they were more or 
less as expected. There was -17V back- 
bias with -2.5V at the tapping point for 
the RF system. The HT was 280V DC 
and 70V for the screen supply. 

I injected a modulated RF sig- 
nal into the aerial circuit and was 
rewarded with a signal at the 6K8 
plate that included a strong 455kHz 
component, giving me a tuning range 
about 500-2000kHz which more than 
covered the AM broadcast band. So it 
seemed that the basic tuning coil set 
was suitable. 

Substituting an external aerial for 
the RF generator allowed me to tune 
across the AM band and pick up the 
spectrum of local Sydney stations from 
2FC way past 2SM, and it was great to 
hear actual radio stations! 
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Troubleshooting 


However, all was not well. The sig- 
nal at the diodes of the 6Q7 was way 
below expectations, and the volume 
control needed to be at maximum to 
get a reasonable output for the speaker 
— plus there was no AGC voltage. 

There was indeed a problem with 
IFT2. The only thing to do was to pull 
it out and substitute another coil. I 
found a Kingsley coil in my junk box 
which was of a similar age and fre- 
quency range. I checked it for reso- 
nance and wired it in. Immediately, 
I could peak the IF and had about a 
volt of audio signal available at the 
volume control. 

Better still, I found I could slide 
the Kingsley IFT can inside the faulty 
AWA coil can, so from the outside, 
both IFTs look the same. 

But I still did not have any AGC 
voltage, and the set was out of control, 
with nasty distortion coming from the 
detector and IF sections. I checked the 
resistance of the AGC line to ground 
and instead of megohms I found it to 
be a varying low resistance of about 
2kQ. This was shunting the AGC volt- 
age to ground. 

This was caused by 2MQ carbon 
resistor R5 which had a resistance 
which varied if I wiggled it! With that 
replaced, I could get up to 20V off the 
unloaded diode and once connected 
back to the grid system, I saw between 
1-10V depending on signal strength. 

Interestingly, with the coil set work- 
ing well, I could dispense with the 
trimmers on the gang. The tracking of 
the gang sections finished up giving 
good enough matching so that trim- 
ming did not increase the signal level, 
even at the top end of the scale; remov- 
ing the trimmers simplified the build. 

The signal was now as clean as 
you could expect and with the IFTs 
all peaked, the set was ‘lively’ with 
plenty of background chatter off sta- 
tion with low AGC, and an almost 
silent background when tuned in to 


The faulty 
AWA IFT2 was 
replaced with 
a Kingsley 

coil which fit 
perfectly inside 
the AWA can. 
However, this 
did not fix the 
lack of AGC 
voltage. 
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a strong station. However, there was 
a level of hum and buzz that was not 
nice and needed investigating. 

The hum was mostly 50Hz, with 
some buzz mixed in. I realised that I 
had forgotten to Earth one side of the 
heaters. Earthing pin 7 of V1-4 gave 
better results than pin 2, and that 
reduced the 50Hz level right down, 
leaving the buzz to deal with. I noted 
that the buzz varied with the volume 
control setting, being almost non- 
existent at full volume and worse at 
half volume. 

This was because I had used a 
switch pot to switch both mains and 
millivolt-level audio signals. Placing 
mains wiring anywhere near a high- 
impedance grid circuit is not a good 
idea. The obvious thing to do would be 
to get the mains wiring right away from 
the audio wiring or shift the control 
function to a less sensitive part of the 
circuit, such as the output valve grid. 

However, I persisted and found that 
by re-dressing the mains wire around 
the volume control and changing the 
grounding point for the shielded cable, 
I reduced the buzz to a minimum and 
left it at that. In normal listening con- 
ditions, no hum or buzz can be heard. 


DC voltage checks 


I then decided to check the DC op- 
erating conditions of the valves. The 
6V6 output valve was biased at -14V 
and with 280V on the plate, was with- 
in specs. The 6Q7 generates its own 
grid bias and amplified cleanly with 
a gain around 15 times, with a plate 
voltage of 80V. 

The 6K7 and 6K8 were working OK 
but with screen voltages a bit low, at 
around 60V. I changed the divider 
circuit to push the screen voltages to 
90V, and the IF signal level increased 
noticeably. 

The set draws about 60mA with the 
output valve accounting for most of 
that, and after a couple of hours, noth- 
ing was overheating and the voltages 
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and currents were unchanged. 


Tweaking the valve lineup 

The valve lineup shown in the cir- 
cuit diagram wasn’t finalised until 
this stage, as I became a bit of a “valve 
jockey”, substituting various compat- 
ible types to find the best combination. 

I found that a particular metal 6Q7 
had a bit more gain than the others. 
The 6K7s all worked about the same, 
so I picked the nicest-looking one. 

The converter choice was interest- 
ing as [had many metal, glass GT and 
G types to pick from. After a lot of to 
and fro, I settled on a particular new- 
old-stock 6K8G that worked quietly 
with high gain and no sign of insta- 
bility, as it is a shielded construction. 

Not knowing a great deal about 
converter design, I took the easy ap- 
proach and merely selected the best- 
sounding valve. 

Most of the capacitors I used are the 
1960s mud-brown types. Low-value 
capacitors are all original “Simplex” 
mica moulded types. I didn’t use any 
1930s or 40s wax or moulded paper ca- 
pacitors as they are all quite leaky now. 

The resistors are mostly carbon wire 
end types plus a few wirewound. The 
electrolytics are 1960s 600V TV plastic 
types, hidden in some older “Ducon” 
cardboard tubes. 


Dial lighting and scale 
The chassis was offered up to the 
cabinet again and lined up, to check 
the spindle length was correct to fit 
knobs and to see what room there was 
to fit the dial scale. It was then that I 
discovered the gang spindle was not 
in the centre of the dial escutcheon. I 
missed by about 15mm 
« vertically for one rea- 
son or another, thus 
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making a direct 1:1 dial impossible. 

The other choice I had to make was 
between a fixed scale and moving 
pointer, or fixed pointer and moving 
scale. What then followed was a series 
of trials, making up cardboard dial 
scales. The best solution I came up 
with was a porthole escutcheon with 
a fixed pointer at top centre and a sim- 
ple moving circular dial behind that, 
bolted directly to the gang drum, with 
the stations and frequencies marked on 
it. In the end, I blanked off most of the 
curve in the escutcheon with a plate, 
leaving a wedge-shaped port with a 
fixed centre pointer. 

I then mounted a simple dial plate 
off the gang drum. The dial plate was 
then marked with stations and covered 
with a plastic disc to keep it clean. 
Working on the smaller radius of the 
lower escutcheon opening reduces 
the usable circumference and crowds 
the station markers together, but that’s 
what I am stuck with. 

Next time, I will know better and 
position the escutcheon to use a larger 
diameter for greatest scale length. 

The remaining work concerned 
mounting a dial light above the pointer 
position, making up a speaker connect- 
ing lead, finalising the exact position 
of the chassis in the frame, drilling the 
chassis securing holes in the frame and 
fitting a set of temporary knobs to oper- 
ate the set. I will find a more suitable 
pair at some stage. 

It’s the old story; I have plenty of 
knobs that look the part by themselves 
but not two that look completely right 
together. 


Conclusion 


The set is sensitive enough to pick 
up local stations with a short lead on 
the aerial terminal, but works much 
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better with a 10m outdoor aerial. The 
6V6 gives adequate listening level for 
room use. The tone of the finished radio 
is slanted toward the bass end, mostly 
due to the big speaker I used. 

I did an audio frequency response 
check from the RF modulated signal 
generator and found it to be flat from 
200Hz to 3kHz, with -3dB points at 
110Hz and 6kHz. But the 15in speak- 
er skews that towards the bass end. 
The cabinet could do with a tweeter, 
but enough is enough; this is 1935, 
after all! 

One of the last jobs was to level the 
legs of the cabinet and drill the frame 
for the hold-down chassis bolts. The 
cabinet had warped over the couple of 
weeks it took me to finish the chassis 
and rocked diagonally by about 3mm. 
I shortened the longer leg by about 
2mm, then fitted some stick-on felt 
feet — the cabinet finally stood square. 

With the chassis pushed into final 
position and the dial lined up, I pen- 
cilled through the chassis holes and 
drilled the timber out double oversize, 
then bolted the chassis in place with 
3/16-in bolts. 

The set now has the external ap- 
pearance of a well-worn and faded 
70-year-old cabinet, but it has a spick 
and spiffy chassis inside with RCA 
octal type valves, which were just 
plausible in 1935. It’s as if some were 
later replaced with glass types and the 
capacitors were later replaced with 
1960s models and re-wired with mod- 
ern plastic cable. 

The set sits in my little collection as 
representing a 1930s radio and it was 
fun to build, and learn a little more 
about RF circuits and valves. 

Extra details on this set can be read 
in the forum post Fred Lever made at: 
siliconchip.com.au/link/aapw sc 








The finished dial was drawn by hand 
onto a piece of stiff paper. 
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ASK SILICON CHIP 


Got a technical problem? Can’t understand a piece of jargon or some technical principle? Drop us a line 


and we'll answer your question. Send your email to 


silicon@siliconchi 


.coOm.au 





Capacitor type question 


(MKT vs ceramic) 


I’m anewbie building your Program- 

mable Ignition System (March-June 
2007; siliconchip.com.au/Series/56). 
I’d love to know the difference in prop- 
erties between MKT and ceramic ca- 
pacitors. There are both types of the 
same rating on the board. How does 
the designer choose one or the other? 
(R. F., Somerset, Tas) 
@ Generally, we will use ceramic ca- 
pacitors for values under 1nF mainly 
because low-capacitance MKT types 
are harder to get. MKTs are good gen- 
eral-purpose capacitors, and they also 
offer low distortion in audio circuits 
(ie, they have decent linearity). 

Ceramic capacitors are better for use 
at high frequencies compared to MKT 
types. Ceramic capacitors are made 
with several different ceramic dielec- 
tric materials which give different prop- 
erties. COG/NPO types (usually 100pF 
and under) offer excellent linearity, but 
other dielectrics used for higher values 
have poor linearity and also suffer from 
very bad voltage coefficients. 

So for larger values, MKT capacitors 
usually offer superior performance, ex- 
cept perhaps at very high frequencies 
such as may be present in FM radios 
and similar. Ceramic capacitors are al- 
most used exclusively at higher radio 
frequencies due to their low effective 
series resistance at high frequencies. 
The low temperature coefficient of 
COG/NPO0 types is also invaluable in 
tuned circuits. 

But usually, it is not critical whether 
MKT or ceramic capacitors are used in 
most circuits. They can often be inter- 
changed with no effect. 

MKT capacitors are very similar to 
‘greencaps’ as they both use a polyester 
plastic dielectric. The main difference 
is that MKT capacitors are supplied 
in standard-sized rectangular pack- 
ages while greencaps (which may also 
be red) have a pillow-like shape and 
have a wider variety of sizes and lead 
spacings. They have slightly different 
construction (metallised film vs foil), 
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but it makes little practical difference 
in most cases. 


RF Signal Generator 


power switch 


I built the RF Signal Generator 
(June-July 2019; siliconchip.com.au/ 
Series/336), and it generally works as 
expected. However, the power on/off 
only turned it on and not off. To make 
that part of the circuit work correctly, 
I had to increase the 1)F capacitor in 
series with the 270kQ resistor to 10pF. 

I’m also having problems with the 
frequency change control. Instead of 
stepping once for each rotational step, 
it jumps several steps in frequency, 
regardless of whether it is set for Hz, 
kHz or MHz. I changed the encoder to 
a different type (twice), but the results 
were the same. 

I’ve discussed this with a few other 
people, and it appears this problem 
is not uncommon if the encoder pro- 
gramming has not been correctly de- 
bounced. Programming is an areal am 
not strong in so I can do little to prove 
one way or the other. I would appre- 
ciate any assistance you can provide. 
(P. M., Croydon, Vic.) 
® The designer, Andrew Woodfield, 
responds: thank you for your obser- 
vations. I’ve built four or five of these 
power switches now, and all have 
worked fine with the 1,F capacitor. 
However, I am likely using capacitors 
from the same batch, and your power 
source may be different from mine. 

I’m glad that the 10pF capacitor 
solved your problem. But when I tried 
this value in one of my boards just 
now, it did not work well, and I had to 
change it back to 1p'F to restore proper 
operation. I will ponder the circuit and 
see whether I can figure out why you 
need a different value to me. Perhaps 
switch contact resistance plays a part. 

Regarding the rotary encoder, some 
low-cost encoders can produce signif- 
icant contact bounce, extending be- 
yond the time delays allowed for in 
my software. I have also encountered 
occasional problems when trying to 
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turn the encoders very quickly (which 
is beyond the ability of the software 
to handle) or if a cheap encoder be- 
comes worn. 

I’ve used similar software to handle 
the rotary encoder in several designs, 
with many different (mostly cheap) 
encoders from different suppliers. I 
have generally found them to operate 
satisfactorily. My software is designed 
in such a way that debouncing should 
not be critical. 

I will try to get my hands on some 
more different encoders to see if I can 
reproduce this problem you are hav- 
ing. Imay be able to speed up the pro- 
cessing routines in the software to im- 
prove performance. 

Editor’s comment: see also the letter re- 
garding a similar problem on page 13. 























More Signal Generator 


encoder problems 


Ihave built the RF Signal Generator 
which works well, apart from some er- 
ratic rotary encoder operation. I think 
it might be due to contact bounce. 

Is this a common problem, and is 

there a hardware- or software-based 
solution? One manufacturer, Bournes, 
suggests a hardware-based solution. 
Would I need to disable the internal 
pull-up resistors to allow this? Am 
I missing something obvious? (P. R., 
Linden, NSW) 
@ Andrew Woodfield responds: some 
low-cost encoders can cause this. The 
internal programmed pull-ups are nec- 
essary for correct operation, so if these 
are disabled, the encoder won’t work 
unless you replace them with exter- 
nal pull-ups. 

Online forums have debated the use 
of external capacitors for debouncing, 
but conclusions are divided. Some are 
firmly in favour, others equally vehe- 
mently opposed. 

I suspect a wide variety of encoders 
can produce considerable variation, 
which can also make determining a 
‘best solution’ difficult. 

My suggestion is to try a different en- 
coder. Failing that, or while you wait 
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for delivery on a different encoder, 
you could experiment with debounc- 
ing timing networks. 

However, after a dozen or more 
different designs and testing several 
dozen encoders of various makes, al- 
beit almost all cheaper types, I’ve not 
found them useful. 


Sourcing parts for 
DAB+/FM/AM Radio 


I have been gathering the compo- 
nents together to build the DAB+/ 
FM/AM Radio tuner. However, there 
are still three components where I am 
having trouble on which part to order 
from the vast range of items available. 

For example, with the 74HC14 
hex Schmitt trigger inverter IC (IC7), 
there are many variants available from 
Mouser. 

For the 10pF and 4.7pF X5R 0805 

SMD capacitors, I think a 6.3V rat- 
ing is suitable. But that still leaves a 
wide range of choices. Can you help 
me decide which ones to choose? (J. 
C., Kaleen, ACT) 
@ Any parts which match the require- 
ments in the parts list should be fine. 
For reference, an SN74HC14DR from 
Digi-Key will work. When looking at 
the likes of Mouser or Digi-Key, we 
start with a search for the basic param- 
eters, then dial in the other required 
specifications. For example, search for 
“10uF ceramic capacitor” and then set 
the filters to dielectric = X5R, package/ 
case = 0805 (2012 metric), voltage rat- 
ing = 6.3V etc. 

We also set the filter so that only 
items that are in stock and available as 
single buys are listed; many parts are 
only in bulk, eg, reels of 3000 pieces. 
Setting packaging = “Cut Tape” should 
remove most of the bulk packaging 
options. 

After that, simply choose the cheap- 
est option. Many of the more expen- 
sive options will be for wide tempera- 
ture use, military-grade, automotive- 
grade etc. You can click on the top of 
the Unit Price column to sort by price. 
The large number of options is due to 
the huge number of manufacturers for 
common parts. 


Troubleshooting Digital 
Sound Effects module 


Irecently purchased two of your Su- 
per Digital Sound Effects Module kits 
(August-September 2018; siliconchip. 
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com.au/Series/325). The first unit 
worked initially, but died shortly after- 
wards. I checked the supply voltages 
at all the chips, and they are correct. 
I also checked the pins for dry joints 
and shorts to adjacent pins. 

Without a micro SD card, the blue 
LED flashes fast. With a card inserted, 
I get three flashes, pause, three flash- 
es etc. I’ve tried five different cards, 
is there a particular format required? 
I re-loaded the software (0110718A. 
HEX) with a PICkit 3 via MPLAB X IPE, 
but it didn’t help. (D. H., Norfolk, UK) 
@ The three flashes indicate a file sys- 
tem error. The file system library we’ve 
used supports standard FAT or exFAT 
file systems. We formatted the card we 
used to test our prototype using the 
Windows format utility. 

An incorrectly formatted card 
would be enough to stop the module 
from working. Possibly, your card con- 
tains a FAT32 file system which is not 
supported by our software. FAT32 is 
the default for higher capacity cards. 
You could try a smaller capacity card 
to see if that helps. 

The continuous flashing indicates 
a card is not present. Even without a 
card, you can check the audio opera- 
tion by following the instructions un- 
der the “Testing” heading on page 82 
of our September 2018 issue. 

We have also used the SD Format- 
ter tool from the SD Association; see: 
www.sdcard.org/downloads/formatter/ 
This can handle some cards that Win- 
dows can’t. 

The SD card communication and 
other board activities are not easy 
to diagnose just from waveforms. 
You could need an oscilloscope with 
SPI decoding capability, and a good 
knowledge of SD card operation to 
have any chance of figuring out the 
problem that way. 


Changing Motor Speed 
Controller supply 


I am building the Full-wave Triac- 
based Universal Motor Speed Control- 
ler (March 2018; siliconchip.com.au/ 
Article/10998). Inoticed that the pow- 
er supply is made using two zener di- 
odes (ZD1 and ZD2) and a half-wave 
rectifier (diodes D1 and D2), together 
with two 47Q resistors and a 470nF 
X2 capacitor. 

I would prefer to use a proper AC/ 
DC converter, such as MEAN WELL 
RS-15-5 enclosed power supply. I 
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was thinking to leave off your power 
supply components and inject power 
directly into the 5V rail using such a 
converter. 

Would that be possible without any 

further modification? Would changing 
the power supply affect the microcon- 
troller operation in any way? (A. L., 
Skofljica, Slovenia) 
@ The circuit works well using the 
power supply derived via the 470nF 
capacitor. We are not sure what ben- 
efits you expect from using a bulky 
3A power supply as less than 30mA 
is required to run the circuit. 

The 5V supply in this design floats 
at mains Active potential. The motor 
controller may still work using your 
suggested supply, but you would need 
to make sure that the output of the sup- 
ply can float at Active potential with- 
out internal insulation breakdown. 
Additionally, switchmode noise from 
the converter could adversely affect 
microcontroller IC1’s operation. 

We therefore cannot recommend 
your suggested modification, nor can 
we guarantee that it will work as in- 
tended. 


TV antenna tube 
thickness 


I am considering making the 6-Ele- 

ment VHF Yagi for TV reception from 
the February 2018 issue (siliconchip. 
com.au/Article/10965). I have access 
to square and round aluminium tubing 
of the outside dimensions described in 
the article, however, in both cases, the 
walls are thicker than that described 
in the article. Does the wall thickness 
affect the performance in any way? 
@ Due to the skin effect (see link be- 
low), the current flowing in the anten- 
na is mostly limited to the outer sur- 
face of the rods, with minimal penetra- 
tion into the depth of the material. So 
using thicker material will not affect 
the antenna performance. 

However, the extra thickness will 
add to the mass of the overall an- 
tenna, making it heavier but stronger 
(and probably more resistant to dam- 
age from birds). 

See: https://en.wikipedia.org/wiki/ 
Skin_effect 


Can TP4056 module 
charge multiple cells? 


I was reading your article on the 
TP4056 Li-ion charger module (Cat 
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SC4306) in your August 2017 issue 
(siliconchip.com.au/Article/10754), 
and I was wondering whether one 
module can be used to charge two 
Li-ion cells in parallel. How should I 
limit the cell voltage to 4.2V, or is that 
automatic? 

If the battery has two cells in se- 

ries (nominally 7.2V, fully charged at 
8.4V), could two TP4056 modules be 
connected in series to charge it? 
@ We don’t think that the little TP4056 
charger module can handle two Li-ion 
cells in parallel at the same time, un- 
less they are very low capacity cells. It 
would be safer to use two of them, each 
charging a single cell. The TP4056 
does include circuitry to limit the cell 
voltage to 4.2V. 

It would theoretically be possible to 
use two of these modules with their 
outputs in series to charge a two-cell 
battery, but you would need to run 
them from separate 5V plugpacks. 
Since the negative output of one will 
be connected to the positive output 
of the other, this would ‘short out’ the 
supply if they were both powered from 
the same 5V source. 





Ultrasonic Anti-fouling 


low-battery cutout 


I built your Marine Ultrasonic 
Anti-Fouling unit (May-June 2017; 
siliconchip.com.au/Series/312). When 
initially installed, it was working fine; 
I could hear the transducer clicking 
and see the neon light flashing more 
or less continuously. 

But after I added a second transduc- 
er, both transducers click and the ne- 
ons light up for about three seconds. 
Then nothing happens for about 30 
seconds before they start operating for 
around three seconds again. The cycle 
then repeats. Is this normal? 

The green LED flashes while the 
neons are flickering, then switches 
on solid for the 30 seconds while 
the neons are off. This happens only 
when both transducers are connected. 
When I remove the second transducer, 
the green LED is flickering continu- 
ously, and the neon is also on con- 
tinuously. 

@ The clicks do not necessarily mean 
too much, as the noise is an audible 
by-product of the ultrasonic switching. 
The neon indicators are the best way of 
telling if the outputs are being driven. 

Based on your description, it seems 

that there is a fault where the 12V 
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power supply drops in voltage and 
the Ultrasonic Anti-fouling unit has 
to restart. 

Is your 12V battery maintaining volt- 
age? Check its voltage with a multime- 
ter while the unit is running. Make 
sure that the low-battery detection is 
adjusted correctly, as it could be trig- 
gering at too high a voltage. 


SILICON CHIP engine 


management solutions 


We have modified a 1986 Volkswa- 
gen Jetta, with the old 1.8L two-valve 
engine replaced with a more modern 
2L unit to decrease emissions and 
improve torque. These engines have 
a Hall Effect distributor, with the ig- 
nition advance and retard being con- 
trolled by a dedicated ECU, separate 
from the fuel control ECU. 

Do you know of any Jaycar kit to 
override the original spark and fuel 
maps to suit the demands of our modi- 
fied engine? 

We prefer to keep the original trouble- 
free distributor assembly with its Hall 
Effect sensor, but if required, can fit a 
wasted spark or COP system. Iam aware 
of a kit offered by dkubus of Kudla, SA 
but it requires the purchase of a dku- 
bus module and Microsquirt totalling 
well over $1000. 

The Bosch fuel management system 

on these vehicles includes a separate 
cold-air sensor which overrules the 
ECU’s standard mixture settings as re- 
quired. Can this feature be comman- 
deered to instruct the ECU to supply 
fuel mixtures better suited to our en- 
gine? (D. B., Vancouver, Canada) 
@ We published a Programmable 
Ignition System (March-June 2007; 
siliconchip.com.au/Series/56). This 
can be used to adjust the ignition tim- 
ing from the Hall Effect trigger. 

There was a Jaycar kit for this 
project, but it has unfortunately 
been discontinued. You can still 
build it using the PCBs and pro- 
grammed microcontroller from our 
Online Shop. See: siliconchip.com. 
au/Shop/?article=2165 

The other parts are commonly avail- 
able from Jaycar, Altronics etc. 

As far as the fuel mixture is con- 
cerned, we published an Automo- 
tive Sensor Modifier (December 2016; 
siliconchip.com.au/Article/10451) 
that can remap the voltage output from 
a sensor. This may suit your purpose 
of using the cold-air sensor output to 
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modify the fuel mixture. The modifier 
is a one-dimensional mapped single 
input/single output type. 


SD card socket has 


been discontinued 


Do you have any suggestions for an 
SD card socket replacement for the 
CLASSiC DAC? It appears that the 
Altronics P5720 specified is no longer 
available. (K. R., Camperdown, NSW) 
@ We contacted Altronics and unfortu- 
nately, they were forced to discontinue 
this part as the supplier is no longer 
manufacturing it. We spent quite some 
time looking for compatible parts, but 
it appears that there are none. 

We used this socket in six projects: 

1) Digital Lighting Controller (Oc- 

tober-December 2010; siliconchip. 

com.au/Series/14) 

2) Maximite Computer (March-May 











































3) LED Musicolour (October & 
November 2012; siliconchip.com. 
au/Series/19) 

4) CLASSiC DAC (February-May 
2013; siliconchip.com.au/Series/63) 
5) GPS Tracker (November 2013; 
siliconchip.com.au/Article/5449) 
6) Touch-screen Digital Audio Re- 











com.au/Series/270) 

All the PCBs for these projects will 
need to be re-designed to use a com- 
monly available (and hopefully physi- 
cally compatible) SD card socket. 

Once we have done that, we will up- 
load the new patterns to our website 
and order new stock. In the meantime, 
we will try to get our hands on a few 
of the discontinued sockets so that we 
can supply them to constructors until 
the new PCBs are ready. 

Our more recent projects tend to 
use microSD cards, and those sockets 
are widely available, so those projects 
should hopefully be future-proof. 


Unexpected voltage on 


preamp output grounds 


I assembled your Ultra-LD Stereo 
Preamplifier & Input Selector (Novem- 
ber & December 2011; siliconchip.com. 
au/Series/34) from an Altronics kit, Cat 
K5169. I measured -4.24V on the left 
RCA socket surrounds, and +14.32V on 
the right RCA socket surrounds. The 
audio ground appears to be floating. 
Is this normal, or have I done some- 
thing wrong? 
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NOTE: Not all PCBs are shown here due to space limits but the SILicon Cui Online Shop has boards going back to 2001 and beyond. 
For a complete list of available PCBs etc, go to siliconchip.com.au/shop/8 Prices are PCBs only, NOT COMPLETE KITS! 





PRINTED CIRCUIT BOARD TO SUIT PROJECT: PUBLISHED:  PCBCODE: Price: PRINTED CIRCUIT BOARD TO SUIT PROJECT: PUBLISHED: PCBCODE: Price: 
VOLTAGE/RESISTANCE/CURRENT REFERENCE AUG 2015 04108151 $2.50 DELUXE FREQUENCY SWITCH MAY 2018 05104181 $7.50 
LED PARTY STROBE MK2 AUG 2015 16101141 $7.50 USB PORT PROTECTOR MAY 2018 07105181 $2.50 
ULTRA-LD MK4 200W AMPLIFIER MODULE SEP 2015 01107151 $15.00 2x 12V BATTERY BALANCER MAY 2018 14106181 $2.50 
9-CHANNEL REMOTE CONTROL RECEIVER SEP 2015 15108151 $15.00 USB FLEXITIMER JUNE 2018 19106181 $7.50 
MINI USB SWITCHMODE REGULATOR MK2 SEP 2015 18107152 $2.50 WIDE-RANGE LC METER JUNE 2018 04106181 $5.00 
2-WAY PASSIVE LOUDSPEAKER CROSSOVER OCT 2015 01205141 $20.00 WIDE-RANGE LC METER (INCLUDING HEADERS) JUNE 2018 SC4618 $7.50 
ULTRA LD AMPLIFIER POWER SUPPLY OCT 2015 01109111 $15.00 WIDE-RANGE LC METER CLEAR CASE PIECES JUNE 2018  SC4609 $7.50 
ARDUINO USB ELECTROCARDIOGRAPH OCT 2015 = 07108151 ~—$7.50 TEMPERATURE SWITCH MK2 JUNE 2018 05105181 $7.50 
FINGERPRINT SCANNER — SET OF TWO PCBS NOV 2015  03109151/2 $15.00 LiFePO4 UPS CONTROL SHIELD JUNE 2018 11106181 $5.00 
LOUDSPEAKER PROTECTOR NOV 2015 01110151 $10.00 RASPBERRY PI TOUCHSCREEN ADAPTOR (TIDE CLOCK) JULY 2018 24108181 — $5.00 
LED CLOCK DEC 2015 19110151 $15.00 RECURRING EVENT REMINDER JULY 2018 19107181 $5.00 
SPEECH TIMER DEC 2015 19111151 $15.00 BRAINWAVE MONITOR (EEG) AUG 2018 25107181 $10.00 
TURNTABLE STROBE DEC 2015 04101161 $5.00 SUPER DIGITAL SOUND EFFECTS AUG 2018 01107181 $2.50 
CALIBRATED TURNTABLE STROBOSCOPE ETCHED DISC DEC 2015  —-04101162 $10.00 DOOR ALARM AUG 2018 03107181 $5.00 
VALVE STEREO PREAMPLIFIER — PCB JAN 2016 01101161 $15.00 STEAM WHISTLE / DIESEL HORN SEPT 2018 09106181 $5.00 
VALVE STEREO PREAMPLIFIER - CASE PARTS JAN 2016 01101162 $20.00 DCC PROGRAMMER OCT 2018 09107181 $5.00 
QUICKBRAKE BRAKE LIGHT SPEEDUP JAN 2016 05102161 $15.00 DCC PROGRAMMER (INCLUDING HEADERS) OCT 2018 09107181 $7.50 
SOLAR MPPT CHARGER & LIGHTING CONTROLLER  FEB/MAR 2016 16101161 $15.00 OPTO-ISOLATED RELAY (WITH EXTENSION BOARDS) OCT 2018 — 10107181/2 $7.50 
MICROMITE LCD BACKPACK, 2.4-INCH VERSION FEB/MAR 2016 07102121 ~—« $7.50 GPS-SYNCHED FREQUENCY REFERENCE NOV 2018 04107181 — $7.50 
MICROMITE LCD BACKPACK, 2.8-INCH VERSION FEB/MAR 2016 07102122 ~—« $7.50 LED CHRISTMAS TREE NOV 2018 16107181 $5.00 
BATTERY CELL BALANCER MAR 2016 =. 11111151 $6.00 DIGITAL INTERFACE MODULE NOV 2018 16107182 $2.50 
DELTA THROTTLE TIMER MAR 2016 05102161 $15.00 TINNITUS/INSOMNIA KILLER (JAYCAR VERSION) NOV 2018 01110181 $5.00 
MICROWAVE LEAKAGE DETECTOR APR 2016 04103161 ~—-$5.00 TINNITUS/INSOMNIA KILLER (ALTRONICS VERSION) NOV 2018 01110182 $5.00 
FRIDGE/FREEZER ALARM APR 2016 03104161 $5.00 HIGH-SENSITIVITY MAGNETOMETER DEC 2018 04101011 $12.50 
ARDUINO MULTIFUNCTION MEASUREMENT APR 2016 — 04116011/2 $15.00 USELESS BOX DEC 2018 08111181 $7.50 
PRECISION 50/60Hz TURNTABLE DRIVER MAY 2016 04104161 $15.00 FOUR-CHANNEL DC FAN & PUMP CONTROLLER DEC 2018 05108181 $5.00 
RASPBERRY PI TEMP SENSOR EXPANSION MAY 2016 —- 24104161 $5.00 ATtiny816 DEVELOPMENT/BREAKOUT BOARD JAN 2019 24110181 $5.00 
100DB STEREO AUDIO LEVEL/VU METER JUN 2016 01104161 $15.00 ISOLATED SERIAL LINK JAN 2019 24107181 $5.00 
HOTEL SAFE ALARM JUN 2016 03106161 ~—- $5.00 DAB+/FM/AM RADIO. JAN 2019 06112181 $15.00 
UNIVERSAL TEMPERATURE ALARM JULY 2016 03105161 ~—-$5.00 DAB+/FM/AM RADIO CASE PIECES (CLEAR) JAN 2019 $4849 $.00 
BROWNOUT PROTECTOR MK2 JULY 2016 10107161 $10.00 TOUCH & IR REMOTE CONTROL DIMMER MAIN PCB FEB 2019 10111191 $10.00 
8-DIGIT FREQUENCY METER AUG 2016 04105161 $10.00 REMOTE CONTROL DIMMER MOUNTING PLATE FEB 2019 10111192 $10.00 
APPLIANCE ENERGY METER AUG 2016 04116061 $15.00 REMOTE CONTROL DIMMER EXTENSION PCB FEB 2019 10111193 $10.00 
MICROMITE PLUS EXPLORE 64 AUG 2016 07108161 ~— $5.00 MOTION SENSING SWITCH (SMD) PCB FEB 2019 05102191 $2.50 
CYCLIC PUMP/MAINS TIMER SEPT 2016 10108161/2 $10.00/pair USB MOUSE AND KEYBOARD ADAPTOR PCB FEB 2019 —- 24311181 $5.00 
MICROMITE PLUS EXPLORE 100 (4 layer) SEPT 2016 07109161 $20.00 REMOTE-CONTROLLED PREAMP WITH TONE CONTROL + MAR2019 01111119 $25.00 
AUTOMOTIVE FAULT DETECTOR SEPT 2016 05109161 $10.00 PREAMP INPUT SELECTOR BOARD MAR 2019 01111112 $15.00 
MOSQUITO LURE OCT 2016  —- 25110161 $5.00 PREAMP PUSHBUTTON BOARD MAR 2019 01111113 $5.00 
MICROPOWER LED FLASHER OCT 2016 16109161 $5.00 DIODE CURVE PLOTTER MAR 2019 04112181 ~—- $7.50 
MINI MICROPOWER LED FLASHER OCT 2016 16109162 $2.50 DIODE CURVE PLOTTER UB3 LID (MATTE BLACK) MAR 2019 — SC4927 $5.00 
50A BATTERY CHARGER CONTROLLER NOV 2016 = 11111161 $10.00 FLIP-DOT COIL APR 2019 19111181 $5.00 
PASSIVE LINE TO PHONO INPUT CONVERTER NOV 2016 01111161 $5.00 FLIP-DOT PIXEL (INCLUDES 16 PIXELS) APR 2019 19111182 $5.00 
MICROMITE PLUS LCD BACKPACK NOV 2016 07110161 — $7.50 FLIP-DOT FRAME (INCLUDES 8 FRAMES) APR 2019 19111183 $5.00 
AUTOMOTIVE SENSOR MODIFIER DEC 2016 05111161 $10.00 FLIP-DOT DRIVER APR 2019 19111184 $5.00 
TOUCHSCREEN VOLTAGE/CURRENT REFERENCE DEC 2016 04110161 $12.50 FLIP-DOT (SET OF ALL FOUR PCBS) APR 2019  SC4950 ~— $17.50 
VI REFERENCE CASE PIECES (MATTE BLACK / BLUE) DEC 2016 SC4084/193 $10.00 iCESTICK VGA ADAPTOR APR 2019 02103191 $2.50 
$C200 AMPLIFIER MODULE JAN 2017 01108161 $10.00 UHF DATA REPEATER MAY 2019 15004191 $10.00 
60V 40A DC MOTOR SPEED CON. CONTROL BOARD JAN 2017 11112161 $10.00 AMPLIFIER BRIDGE ADAPTOR MAY 2019 01105191 $5.00 
60V 40A DC MOTOR SPEED CON. MOSFET BOARD JAN 2017 11112162 $12.50 3.5-INCH SERIAL LCD ADAPTOR FOR ARDUINO MAY 2019 24111181 $5.00 
GPS SYNCHRONISED ANALOG CLOCK FEB 2017 04202171 $10.00 DSP CROSSOVER/EQUALISER ADC BOARD MAY 2019 01106191 $7.50 
ULTRA LOW VOLTAGE LED FLASHER FEB 2017 16110161 $2.50 DSP CROSSOVER/EQUALISER DAC BOARD MAY 2019 01106192 $7.50 
POOL LAP COUNTER MAR 2017 19102171 $15.00 DSP CROSSOVER/EQUALISER CPU BOARD MAY 2019 01106193 $5.00 
STATIONMASTER TRAIN CONTROLLER MAR 2017 —-09103171/2 $15.00/set DSP CROSSOVER/EQUALISER PSU BOARD MAY 2019 01106194 $7.50 
EFUSE APR 2017 04102171 ~—«$7.50 DSP CROSSOVER/EQUALISER CONTROL BOARD MAY 2019 01106195 $5.00 
SPRING REVERB APR 2017 01104171 $12.50 DSP CROSSOVER/EQUALISER LCD ADAPTOR MAY 2019 01106196 ~—- $2.50 
6GHz+ 1000:1 PRESCALER MAY 2017 04112162 ~—$7.50 DSP CROSSOVER (SET OF ALL BOARDS - TWO DAC) MAY 2019  SC5023. ~—s $40.00 
MICROBRIDGE MAY 2017 24104171 $2.50 STEERING WHEEL CONTROL IR ADAPTOR JUNE 2019 05105191 $5.00 
MICROMITE LCD BACKPACK V2 MAY 2017 07104171 ~—«$7.50 GPS SPEEDO/CLOCK/VOLUME CONTROL JUNE 2019 01104191 $7.50 
10-OCTAVE STEREO GRAPHIC EQUALISER PCB JUN 2017 01105171 $12.50 GPS SPEEDO ACRYLIC CASE PIECES (MATTE BLACK) JUNE 2019 += SC4987 ~—s $10.00 
10-OCTAVE STEREO GRAPHIC EQUALISER FRONT PANEL JUN 2017 —-01105172 $15.00 RF SIGNAL GENERATOR JUNE 2019 04106191 $15.00 
10-OCTAVE STEREO GRAPHIC EQUALISER CASE PIECES JUN2017 SC4281_ ~—- $15.00 RASPBERRY PI SPEECH SYNTHESIS/AUDIO JULY 2019 —-01106191 $5.00 
RAPIDBRAKE JUL 2017: 05105171 $10.00 BATTERY ISOLATOR CONTROL BOARD JULY 2019 05106191 $7.50 
DELUXE EFUSE AUG 2017 —- 18106171 $15.00 BATTERY ISOLATOR MOSFET BOARD (202) JULY 2019 05106192 $10.00 
DELUXE EFUSE UB1 LID AUG 2017 SC4316 $5.00 MICROMITE LCD BACKPACK V3 AUG 2019 07106191 $7.50 
MAINS SUPPLY FOR BATTERY VALVES (INC. PANELS) AUG 2017 18108171-4 $25.00 CAR RADIO DIMMER ADAPTOR/VOLTAGE INTERCEPTOR AUG 2019 05107191 —$5.00 
3-WAY ADJUSTABLE ACTIVE CROSSOVER SEPT 2017 01108171 $20.00 PSEUDO-RANDOM NUMBER GENERATOR (LFSR) AUG 2019 16106191 $5.00 
3-WAY ADJUSTABLE ACTIVE CROSSOVER PANELS SEPT 2017: 01108172/3 $20.00/pair 4DoF SIMULATION SEAT CONTROLLER BOARD SEPT 2019 11109191 $7.50 
3-WAY ADJUSTABLE ACTIVE CROSSOVER CASE PIECES SEPT2017 - SC4403~—« $10.00 HIGH-CURRENT H-BRIDGE MOTOR DRIVER SEPT 2019 11109192 $2.50 
6GHz+ TOUCHSCREEN FREQUENCY COUNTER OCT 2017 04110171 $10.00 MICROMITE EXPLORE-28 (4-LAYERS) SEPT 2019 07108191 $5.00 
6GHz+ FREQUENCY COUNTER CASE PIECES (SET) OCT 2017 += SC4444_ ~—s $15.00 SIX INPUT AUDIO SELECTOR MAIN BOARD SEPT 2019 01110191 $7.50 
KELVIN THE CRICKET OCT 2017 08109171 $10.00 SIX INPUT AUDIO SELECTOR PUSHBUTTON BOARD SEPT 2019 01110192 $5.00 
SUPER-7 SUPERHET AM RADIO PCB DEC 2017 06111171 $25.00 ULTRABRITE LED DRIVER SEPT 2019 16109191 $2.50 
SUPER-7 SUPERHET AM RADIO CASE PIECES DEC 2017  SC4464 ~—s $25.00 HIGH RESOLUTION AUDIO MILLIVOLTMETER OCT 2019 04108191 $10.00 
THEREMIN JAN 2018 —- 23112171 $12.50 PRECISION AUDIO SIGNAL AMPLIFIER OCT 2019 04107191 $5.00 
PROPORTIONAL FAN SPEED CONTROLLER JAN 2018 05111171 $2.50 NEW PCBs 





WATER TANK LEVEL METER (INCLUDING HEADERS) FEB 2018 21110171 = $7.50 SUPER-9 STEREO FM RADIO (SET OF ALL PCBS REQ.) NOV 2019 06109181-5 $25.00 
10-LED BARAGRAPH FEB 2018 04101181 $7.50 SUPER-9 CASE PIECES & DIAL (BLACK / CLEAR) NOV 2019 $5166 $25.00 
10-LED BARAGRAPH SIGNAL PROCESSING FEB 2018 04101182 $5.00 TINY LED XMAS TREE (CHOICE OF GREEN/RED/WHITE) NOV 2019 16111191 = $2.50 
TRIAC-BASED MAINS MOTOR SPEED CONTROLLER MAR 2018 10102181 $10.00 HIGH POWER LINEAR BENCH SUPPLY NOV 2019 18111181 $10.00 
VINTAGE TV A/V MODULATOR MAR 2018 02104181 = $7.50 LINEAR BENCH SUPPLY HEATSINK SPACER (BLACK) NOV 2019 805168 $5.00 
AM RADIO TRANSMITTER MAR 2018 06101181 $7.50 FIVE-WAY LCD PANEL METER / USB DISPLAY NOV 2019 18111182 = $2.50 


HEATER CONTROLLER APR 2018 10104181 $10.00 LCD PANEL METER BEZEL (BLACK) NOV 2019 $C5167 $2.50 
WE ALSO SELL AN A2 REACTANCE WALLCHART, RTV&H DVD, VINTAGE RADIO DVD PLUS VARIOUS BOOKs IN THE “Books, DVDs, etc” PAGE AT SILICONCH| /M. AU/SHOP, 





I grounded the RCA sockets with a 
piece of wire across to the OV termi- 
nal and plugged it into an SC200 am- 
plifier module (January-March 2017; 
siliconchip.com.au/Series/308). All 
appeared to be normal, but 10 minutes 
later, the amplifier module appeared 
to have failed. 

This amplifier had been used for 

about 10 hours without problems, be- 
ing driven direct from the DAC. I read 
about SC200 oscillation on a forum 
that mentioned specific input con- 
figurations caused it. I wonder if the 
preamp has caused something strange 
to happen to the SC200. (D. B., South 
Burnie, Tas) 
@ The RCA grounds are floating and 
rely upon the RCA plugs forming a 
ground connection to the main am- 
plifier. This avoids hum loops. The 
preamp supply ground connects to the 
power amplifier supply ground that is 
then connected to the signal ground 
(and the RCA grounds) at a single cen- 
tral point. This is called a star earth, 
and it avoids hum loops. 

The supply voltage of around +15V 
should not appear on the RCA socket 
grounds. You should find and fix this 
before connecting to the SC200 ampli- 
fier. We think that may be the reason 
why the power amplifier was dam- 
aged. Check the wire linking on the 
supply from CON6. 


Vented steel case for 
12V Stereo Amplifier 


I’m currently studying year 12 dig- 

ital technologies. For my project, I 
am building your Compact High-Per- 
formance 12V Stereo Amplifier (May 
2010; siliconchip.com.au/Article/152) 
from a Jaycar kit (Cat K5136). The pho- 
tos show the amplifier in a vented met- 
al case. It would be great if I could get 
my hands on one of these, but I can’t 
find that case anywhere online. (L. H., 
via email) 
@ The case is specified in the parts list 
for that project as the Jaycar HB5444 
vented aluminium case. Jaycar has 
discontinued that product and it is 
no longer available, but they still have 
smaller (HB5442) and larger (HB5446) 
versions of the same case. 

The amplifier board should fit in the 
smaller case as long as you use a small 
enough heatsink. It will definitely fit in 
the larger case. You can also try Met- 
case (https:/Awww.metcase.com.au/en) 
if you want a custom-fit case. 
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Finding a replacement 


axial inductor 


I wonder if you can help me with 
a small problem. I have an axial in- 
ductor, which looks like a resistor. Its 
value is 150pH, but I don’t know its 
power rating. 

I am guessing based on its size that 
it is either 0.25W or 0.5W. The body is 
approximately 5mm long and 2.5mm 
wide. It’s marked CH15014 on the PCB. 
It’s in a 1.2V-to-3V DC/DC converter 
stage in a solar garden light. 

I can’t find any information online 

for comparing physical inductor size 
to wattage, so I hope you can help me 
with this. I was surprised that there 
doesn’t seem to be any information 
about this available. Do you know 
what the wattage would be? (B. P., 
Dundathu, Qld) 
@ Inductors are generally not rated in 
terms of watts. They do have a pow- 
er limit of course, but they often run 
into core saturation (where the effec- 
tive inductance drops precipitously) 
before they reach an unsafe dissipa- 
tion level. 

You will typically find inductor rat- 
ings indicated in amps. The maximum 
limit may be due to core saturation 
or maximum dissipation (as deter- 
mined by the DC resistance), which- 
ever is lower. 

Consider the specifications for the 
Altronics L7036 and Jaycar LF1536 
150pH axial inductors, which appear 
to be virtually identical. They’re both 
rated at 175mA with a DC resistance 
of 4.2Q. That equates to about 0.125W 
maximum dissipation. They appear 
to be physically larger than the one 
you're talking about, at 11mm long 
and 4mm in diameter. 

Hence, your inductor is probably 
rated at no more than about 0.1W. If 
you can fit either of these parts in the 
same space, they should be suitable 
substitutes. 


Where to get common- 


mode chokes 


In Circuit Notebook, October 2010, 
there is an entry called the “Auto- 
sensing master/slave power control” 
(siliconchip.com.au/Article/321). 
Transformers T1 and T2 in this cir- 
cuit are described as line voltage fil- 
ters from old computer power sup- 
plies, one needing a cut to prevent 
saturation. 
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Are there suitable parts that I can 
purchase from local component sup- 
pliers? One functions as a current. 
transformer, the other as a line filter. 
Thank you in advance for any help 
you can offer. (F. C., Maroubra, NSW) 
@ There isn’t much detail in the ar- 
ticle about those parts, but they are 
probably basic common-mode chokes 
as used for mains line filtering. These 
are widely available. RS Components 
have two parts which are likely to be 
suitable (and probably many more), 
catalog codes 123-4268 and 816-4767. 

Without more details such as the 
expected inductance and current rat- 
ing, it’s hard to say for sure whether 
these parts will work in the circuit 
you mention. But we would try one of 
those, or something similar from an- 
other supplier; Digi-Key and Mouser 
are bound to have plenty of such parts 
in stock too. 






































Is a DAC upgrade 


worthwhile? 


I love the audio projects you pub- 
lish and I have a question about them. 
Is the CLASSiC DAC (February-May 
2013; siliconchip.com.au/Series/63) 
all that much better than your origi- 
nal stereo DAC (September-November 
2009; siliconchip.com.au/Series/4), 
sold as a kit by Jaycar and Altronics? 

My ageing ears can’t hear the differ- 
ence between my 2009 DAC driving an 
Ultra-LD Mk.3 amplifier (March-May 
2012; siliconchip.com.au/Series/27), 
my Yamaha RX-V2400 and my Guang- 
zhou SMSL DP3. Please keep the au- 
dio stuff coming. (R. R., Flinders, Vic) 
@ While the CLASSiC DAC does meas- 
ure a bit better than the 2009 design, 
and we’re convinced it sounds a bit 
better, it’s hard to hear the difference 
most of the time. 

The difference is only noticeable in 
certain passages of particular tracks. 
And you need a very good amplifier 
and speakers to be able to notice that 
difference. 

Since you have already built the 
2009 DAC, it probably isn’t worth 
building the CLASSiC DAC just for the 
slightly improved sound quality. Buti 
you were building a DAC from scratch, 
we recommend the CLASSiC DAC. 

Note that you also have the option 
to upgrade the 2009 DAC to use the 
same chip as the CLASSiC DAC — see 
the Crystal DAC board (February 2012; 
siliconchip.com.au/Article/768). 
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MARKET CENTRE 


Cash in your surplus gear. Advertise it here in SILICON CHIP 





KIT ASSEMBLY & REPAIR 





VINTAGE RADIO REPAIRS: electrical 
mechanical fitter with 36 years ex- 
perience and extensive knowledge of 
valve and transistor radios. Professional 
and reliable repairs. All workmanship 
guaranteed. 

$17 inspection fee plus charges for parts 
and labour as required. Labour fees $38 
p/h. Pensioner discounts available on 
application. 

Contact Alan, VK2FALW on 0425 122 


om 





DAVE THOMPSON (the Serviceman 
from SILICON CHIP) is available to 
nelp you with kit assembly, project 
troubleshooting, general electronics and 
custom design work. No job too small. 
Based in Christchurch, NZ but service 
available Australia/NZ wide. 








KEITH RIPPON KIT ASSEMBLY & 
REPAIR: 

* Australia & New Zealand; 

* Small production runs. 

Phone Keith: 0409 662 794 
keith.rippon @ gmail.com 








PCB PRODUCTION 





PCB MANUFACTURE: single to multi- 
layer. Bare board tested. One-offs to 
any quantity. 48 hour service. Artwork 
design. Excellent prices. Check out our 
specials: www.ldelectronics.com.au 








MISCELLANEOUS 





LOOKING FOR: 

Set of Dick Smith Electronics catalogues 
from 1975-1982. Must be in pristine 
condition. Will pay $200 for the set (inc. 
postage), only one set needed. 
Contact Melanie (on behalf of inquirer 
on 02 8832 3100) 





ASSORTED BOOKS FOR $5 EACH 
Selling assorted books on electronics 
and other related subjects like audio, 
video, programming etc. The books are 
relatively old in most cases and vary in 
condition. All books can be viewed at: 
hittps://imgur.com/a/gnSWoll 
Some of the books may not be for sale, 
but the vast majority are available. Bulk 
discount available; post or pickup. 
SILICON CHIP 
silicon @siliconchip.com.au 








FOR SALE 





tronixlabs.com.au — Australia’s best 
value for supported hobbyist electronics 
from your favourite brands — along with 
kits, components and much more — with 
flat-rate $9 delivery Australia-wide. 








LEDs, BRAND NAME and generic 
LEDs. Heatsinks, fans, LED drivers, 
power supplies, LED ribbon, kits, 
components, hardware, EL wire. 
www.ledsales.com.au 









Where possible, the SiLicon CHIP On-Line 
Shop stocks hard-to-get project parts, 
along with PCBs, programmed micros, 
panels and all the other bits and pieces 

to enable you to complete your 
SILICON CHIP project. 


Siticon CHip 
On-Line SHop 


www. siliconchip.com.au/shop 
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ADVERTISING IN MARKET CENTRE I 


Classified Ad Rates: $32.00 for up to 20 words (punctuation not charged) plus $1.20 for each additional word. Display ads in | 
Market Centre (minimum 2cm deep, maximum 10cm deep): $82.50 per column centimetre per insertion. All prices include GST. 


Closing date: 5 weeks prior to month of sale. To book, email the text to silicon@siliconchip.com.au and include your name, 





address & credit card details, or phone Glyn (02) 9939 3295 or 0431 792 293. 
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Building a hearing loop 
I recently got hearing aids due to a 
lifetime of industrial noise damage. 
Modern hearing aids combine audio 

om the microphone and telecoil, so 
here is no longer a requirement to 
choose between the transmitted audio 
and conversation in the room. Thus the 
telecoil seems ideal to allow me to re- 
oin my family for TV nights. 

I searched your archives and was 
elighted to see that you had pub- 
ished a set of articles across two is- 
ues (September/October 2010) on 





iliconchip.com.au 


“Designing and installing a hearing 
loop for the deaf”. 

Unfortunately, there is not enough 
information in the article for me to 
build my own hearing loop from 
scratch. 

lintend to construct a hearing loop 
amplifier to take a TOSLINK input, 
convert it to analog, and drive a loop 
using either a voltage or current am- 
plifier. Can you advise me how to do 
this? (D. J., Surf Beach, NSW) 

@ We published a project article 
on building a Hearing Loop Signal 
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Conditioner in the January 2011 issue 
(siliconchip.com.au/Article/876). This 
allows a standard audio amplifier to 
drive a hearing loop. Information on 
building the loop itself is in the arti- 
cles you already mention. 

You can purchase a TOSLINK- 
to-analog converter from Altronics 
(Cat A3195), Jaycar (Cat AC1723 or 
AC1715) or other suppliers. The ste- 
reo output can be mixed to mono us- 
ing a pair of 4.7kQ resistors, so that the 
mono signal can be fed to the Signal 
Conditioner. sc 
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Altronics Megabox V2 

This new version of Altronics’ Arduino Megabox uses an Arduino Uno or Mega 
and now has room for two shields and provides an LCD screen, five relays, 
eight opto-isolated inputs and much more. It will turn your rat’s-nest Arduino 
prototype into a slick, professional-looking device. 


The House of Electrical Horrors 

Beware! There are lots of really unsafe electrical appliances available, especially 
from overseas vendors on sites like eBay and AliExpress. Dr David Maddison 
describes many of the worst offenders, with plenty of links to YouTube videos 
showing just how spectacularly dangerous they can be. 


Tuneable HF Preamplifier 

Many low-cost SDR modules have poor HF (3-30MHz) performance. Their wide- 
open front ends also make them susceptible to cross-modulation from strong signal 
sources. This simple tuneable preamp greatly improves SDR HF performance. 
It has adjustable gain control and can run off a 5V supply or phantom power. 


Universal 6-24V Battery Charge Controller 

This Battery Charge Controller turns a ‘dumb’ battery charger into a smart 
charger, suitable for use with various 6V, 12V or 24V batteries, including lead- 
acid, gel-cell, Li-ion and LiFePO, (lithium-ion phosphate). It has three preset 
charging profiles and three adjustable profiles with one to three-stage charging. 


Note: these features are planned or are in preparation and should appear 
within the next few issues of SILICON CHIP. 


The December 2019 issue is due on sale in newsagents by Thursday, 
November 28th. Expect postal delivery of subscription copies in Australia 
between November 25th and December 12th. 





Notes/&Errata 


45V 8A Bench Supply, October 2019: in the circuit diagram (Fig.3) on pages 26 
& 27, the 1nF capacitor between pins 1 & 2 of IC1a should be 100nF; D6 is an 
SB380 type; |C1 should have a 100nF bypass capacitor from its negative supply 
(pin 4) to ground; the 68Q resistor below Q3 is a 1W type; the four 0.1Q resistors 
are 1W, not 5W; the 100uF capacitor at the input of REG1 has a 63V rating; and if 
electrolytics are used for the two 1p)F capacitors, their negative leads go to ground. 
Vintage Radio (Kriesler 31-2), September 2019: the vibrator circuit (Fig.2) shown 
on page 115 was incorrectly redrawn. The vibrator reed should be shown not touch- 
ing either of the two contacts. 
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SILICON CHIP magazine regularly describes projects which employ a mains power supply or produce high voltage. All such 
projects should be considered dangerous or even lethal if not used safely. Readers are warned that high voltage wiring 


should be carried out according to the instructions in the articles. 


When working on these projects use extreme care to ensure that you do not accidentally come into contact with mains 
AC voltages or high voltage DC. If you are not confident about working with projects employing mains voltages or other high 
voltages, you are advised not to attempt work on them. Silicon Chip Publications Pty Ltd disclaims any liability for damages 
should anyone be killed or injured while working on a project or circuit described in any issue of SILICON CHIP magazine. 

Devices or circuits described in SILICON CHIP may be covered by patents. SILICON CHIP disclaims any liability for the 
infringement of such patents by the manufacturing or selling of any such equipment. SILICON CHIP also disclaims any 
liability for projects which are used in such a way as to infringe relevant government regulations and by-laws. 

Advertisers are warned that they are responsible for the content of all advertisements and that they must conform to the 
Competition & Consumer Act 2010 or as subsequently amended and to any governmental regulations which are applicable. 
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“Rigol Offer Australia’s Best 
Value Test Instruments” 










te : 
ea (@ @cok 
RIGOL DS-1000E Series 
> 50MHz & 100MHz, 2 Ch 


» 1GS/s Real Time Sampling 
» USB Device, USB Host & PictBridge 





> 10MHz to 35MHz 
>» 1 & 2 Output Channels 
> 16Bit, 125MS/s, 2M Memory Depth 
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RIGOL DP-832 


> Triple Output 30V/3A & 5V/3A 
» Large 3.5 inch TFT Display 
» USB Device, USB Host, LAN & RS232 


only 5699 ex GST 


Sydney Melbourne 


Tel 02 9519 3933 


email testinst@emona.com.au 






Brisbane 
Tel 03 9889 0427. —- Tel 07 3392 7170 


Fax 02 9550 1378 Fax 0398890715 Fax 07 3848 9046 
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RIGOL DS-1000Z Series 


>» 50MHz, 7OMHz & 100MHz, 4 Ch 
» 1GS/s Real Time Sampling 
» 24Mpts Standard Memory Depth 


From #99 ex GST 





RIGOL DG-1000Z Series 


» 25MHz, 30MHz & 6OMHz 
» 2 Output Channels 
> 160 In-Built Waveforms 
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RIGOL DSA Series 


» 500MHZz to 7.5GHz 
>» RBW settable down to 10 Hz 
» Optional Tracking Generator 
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Adelaide 
Tel 08 8363 5733 
Fax 08 83635799 
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* Product! 


RIGOL MSO-5000 Series 


>» 70OMHz to 350MHz, 2 Ch & 4Ch 
» 8GS/s Real Time Sampling 
» Up to 200Mpts Memory Depth 
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RIGOL DM-3058E 


> 5 1/2 Digit 
> 9 Functions 
>» USB & RS232 


hiatal ]25 ex GST 
Real-Time A 








RIGOL RSA-5000 Series 


> 9kKHz to 3.2GHz & 6.5GHz 
>» RBW settable down to 1 Hz 
> Optional Tracking Generator 


on 11,699 ..<s: 


Buy on-line at www.emona.com.au/rigol 


Tel 08 9361 4200 EMON 
Fax 08 9361 4300 


web www.emona.com.au 


FieldFox Handheld Analyser 


Carry Precision With You 
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100 MHz real-time bandwidth “> te | 
© Over-the-Air (OTA) Measurements “> 
¢ Real-time Spectrum Analysis 
¢ Interference Analysis 

¢ Channel Scanner 


KEYSIGHT 


TECHNOLOGIES 


